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® Method and device for matching fingerprints. 

A pair candidate list (73) is formed by selecting minutia 
pairs with reference to a minutia list (71) shov/lng original 
position and direction data given for minutiae by principal 
coordinate systems preliminarily selected on a search and a 
file fingerprint and those relation data of the minutiae which 
are substantially independent of the coordinate systems. It Is 
very likely that the pair candidete list shows coarse pairs 
because the coordinate systems may not yet be optimally 
matched to each other. One of the coordinate systems is 
transformed by those optimum amounts to provide trans- 
formed position and direction data which are decided by the 
original position and direction data of the minutia pairs of the 
pair candidate list. A pair list (86) is formed by precisely 
selecting minutiae from the pair candidate list with reference 
to the transformed position and direction data and the 
original position and direction data given by the other 
principal coordinate system and to the relation data. On 



forming the pair list, an additional minutia list (81) is 
preferably formed which shows the transformed position 
and direction data and the last-mentioned original position 
and direction data together with the relation data. 



$9 







^73 


FIRST 




COORDINATE 




PAIR 




MINUTIA 




TRANS- 




CANDIDATE 




LIST 




FORMATION 




LIST 





¥/ORAING 
AREA 





SE( 


3UENCE CONTROL 


LER 









coNTftn. 

MEMORY 

— 



fROXlMATI 
MINUTIA 
RECOV ERY 

C 



PAIR 
DETEaiON 



76 

FIG.6 



AOJUSTMEKT 
AMOUKT 
DECISION 



./;. 



fi. 

Ill 



dL 

SECOND I fcOOROOUrT 
MINUTU - TRANS- 
LIST rORMATiON 

' rTr 



T 



wDfucmG 

ARCA 



ARITHMCTIC 
UNIT 



m 

CANtHOATC 
LIST 



SCOUCNCt CONTROUn 



I 



HSK, 
UST 



n 



Ra7 



ay 



CONTWl 

utMNtr 



n n 



XCGOi 




CANDIDATE 


mnuM 




HNGUPIUNT 


; LIST 




LIST 


. u 





-1- 



0098152 



MBTHOD AKD DEVICE FOR NATOHIKG FINGERFBZMTS 
Background of the Invention t 

This invention relates to a nethod and a device for 
Batching fingerprints. 

The word "fingerprint" is herein used as a representative 
5 of a fingerprint or a like pattern or figure. More particularly » 
the fingerprint Bay be an actual finger . a pals prints a toe 
print » a soleprint, a squanous pattern » and a streaked pattern 
coBposed of streaks^ The fingerprint nay also be a diagras dram 
by a skilled person to represent a faint fingerprint reaain which 
10 is, for exaaple, left at a scene of criae. 

The "Batching" is for recognition of a fingerprint 
with reference to a plurality of known fingerprints. The Batching 
Bay also be for discriBination^ collation » and/or identification 
of the fingerprint, 
15 A fingerprint to be Batched with a known fingerprint , 

is usually called a search fingerprint. The known fingerprint 
is called a file fingerprint. Each fingerprint is featured by 
ridges and Bore specifically by Binutiae. 

It is conventional on carrying out the fingeri>rint 
20 Batching to select a coordinate systes on each fingerprint as 
will later be described with reference to a few of about forty 
figures of the accospanying drawing. The coordinate systes is 
used to represent the position or location which each Binutia 
has on the fingerprint. FurtherBore^ a direction is defined 
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together with the senae In connection with each alnutia with 
reference t*o the coordinate eyeten. In addition to the position 
and direction data of each ninutia, a local feature cbaracteri&tic 
to each ninutia^ is known which is Independent of the coordinate 
systen. An example of stx^h local features la the difference 
between types of minutiae. Other axanples are "relation data"* 
which are representative of relationshipB between each minutia 
and adjacent minutiae. The relation data are substantially independent 
of the coordinate system as will become clear as the description 
proceeds with reference to the accompanying drawing. At any 
rate, the coordinate system will be called a principal coordinate 
system. 

Fingerprint matching has been carried out by comparing 
the minutia position and direction data mad relation data of 
a search fingerpxrint with those of each file fingerprint. Inasmuch 
as the coordinate systems are independently selected on the respective 
fingerprints, the position and direction dala of a fingerprint 
must be transformed so as to be represented by a coordinate system 
which is in best satch with the coordinate system selected on 
the other fingerprint. 

The best match has been attained with time consuming 
procedures. £ven with the best match » the fingerprint matching 
has been unreliable due to various circumstances under which 
the fingerprints are printed. This has resulted in objectionable 
performance of a conventional method of fingerprint matching 
and of a conventional fingerprint matching device. Incidentally p 
the position and direction data given either by the principal 
coordinate systems or by a coordinate system into which at least 
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one of the coordinate systems is transforaed to provide a certain 
degree of natch, will be called original position and direction 
data in contrast to transformed position and direction data which 
are obtained after specific coordinate transformation. 

Summary of the Invention i 

It is an object of the present invention to provide 
a method of reliably matching a search fingerprint with each 
file fingerprint. 

It is another object of this invention to provide a 
method of the type described » which rapidly carries out the matching. 

It is a further object of this invention to provide 
a fingerprint matching device for use in carrying out the method 
of the types described, 

A method according to this invention ie for deciding 
a degree of match between a search and a file fingerprint. As 
is well known in the art, such a method includes the steps of 
selecting principal coordinate systems on' the respective fingerprints, 
selecting a search and a file fingerprint area where minutiae 
are clear, forming a minutia list showing those original position 
and direction data of the minutiae and those relation data of 
the minutiae which are given by the respective principal coordinate 
systems and which are substantially independent of the principal 
coordinate systems, respectively , and selecting pairs of minutiae 
from the minutiae of the respective fingerprints by comparing 
the original pasition and direction data given for the respective 
fingerprints and furthermcre comparing the relation data given 
for the respective fingerprints. 
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The nethod according to this invention is characterised 
by the steps of forming a pair candidate list which shows the 
above**mentloned pairs of Ainutiae as candidate pairs, respectively, 
deciding those optiAua amounts by referring to the original position 

5 and direction data of the Minutiae of the pair candidates which 

are for natching the principal coordinate systess with each other, 
transf orffling the original position and direction data given by 
one of the principal coordinate systens for the Minutiae of the 
pair candidates into transforsed position and direction data 

10 given by a transformed coordinate systSH Into which the above-mentioned 
one principal coordinate sjrateB is transf oraed by the optlnun 
amounts, forming a pair list by referring to the minutia list, 
the pair ccmdldate list, and the search and the file fingerprint 
areas, which pair list shows precise pairs of minutiae selected 

15 from those- minutiae of the pair candidates which are present 
In an area common to the search/and the file fingerprint areas 
wherein the minutiae of .each pzreolse pair have a precise local 
similarity between the transformed position and direction data 
and the original position and direction data given by the other 

20 principal coordinate system and between the relation data and 

which pair list furthermore shows evaluations, each representative 
of the local similarity, and deciding the degree of match by 
using the minutiae of the precise pairs and by referring to the 
evaluations • 

25 A fingerprint oatching device according to this invention 

is for deciding a degree of match between a search and a file 
fingerprint. A conventional fingerprint matching device includes 
minutia list memory means for memorizing a minutia list showing 
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those original position and direction data of ninutiae which 
are given by principal coordinate systeas preljninarily selected 
on the search and the file fingerprints ^ respectively, and those 
relation data of the ainutiae which are substantially independent 
of the principal coordinate systems, fingerprint area aeiaory 
means for memorizing a search and a file fingerprint area where 
the minutiae are clear, and selecting means coupled to the minutia 
list memory means for selecting pairs of minutiae from the minutiae 
of the respective fingerprints by comparing the original position 
and direction data given for the respective fingerprints and 
furthermore comparing the relation data given for the respective 
fingerprints » 

The fingerprint matching device according to this invention 
is characterized by pair candidate list memory means coupled 
to the selecting means for memorizing a pair candidate list which 
shows the above-mentioned pairs of minutiae as i>air candidates, 
respectively, optimum amount deciding means coupled to the minutia 
list memory means and the pair candidate list memory means for 
deciding those optimum amounts by referring to the original position 
and direction data of the minutiae of the pair candidates which 
are for matching the principal coordinate systems with each other, 
coordinate transforming means coupled to the minutia list memory 
means, the pair candidate list memory means, and the optimum 
amount deciding means for transforming one of the principal coordinate 
systems into a transformed coordinate system by the optimum amounts 
whereby the original position and direction data given by that 
one principal coordinate system are transformed into transformed 
position and direction data, pair list memory means coupled to 
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the ninutla list neAory Mansi the pair candidate list Heaory 
iteans, and the fingesrprint area jaeaory Mano for veaorising a 
pair list which ahovs precise pairs of alnutlae selected froa 
those ainutiae of the pair candidates which are present in an 
5 area coninon to the search and the file fingerprint areas wherein 
the minutiae of each precise pair have a precise local siailarity 
between the transf oraed position and direction data and the original 
position and dlorectlon data given by the other principal coordinate 
systea and between the relation data, which pair list f\2rtheraore 

10 shows evaluations t each representative of the local siailarity , 
and deciding aeans coupled to the pair list aeaory aeans for 
deciding the degree of Batch by using the ainutiae of the pair 
list and by referring to the evaluations. 

Brief Descriiytlon of the Prawlngi 

15 Fig. 1 Is a block dlagraa of a fingerprint aatching 

systeai 

Fig. 2 is a block dlagraa of a fingerprint aatching 
device for use in the systea depicted in Fig, 1 according to 
the instant Inventioni 
20 Fig. 3 Is a block dlagraa of another fingerprint aatching 

device for use in the systea of Fig* 1, according to a acre preferred 
eabodiaent of this invention} 

Fig. k diagraBBatlcally shows a fingerprint! 

Fig. 5 is a block dlagraa of a control ixnlt used in 
25 either of the devices illustrated in Figs. 2 and 3; 

Fig. 6 is a block dlagraa of a leading aatcher used 
in either of the devices shown in Figs. 2 and 3l 
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fig* 7 la a block dlagzaa of a precise natcher used 
in either of the devices depicted in Figs. 2 and 3i 

Figt 8p drawn below Fig. 3 merely for convenience of. 
illustration » shows ninutia data which are generally used in 
fingerprint matching i 

Fig. 9 shows a flow chart for use in describing a fingerprint 
matching jnethod according to an eobodiment of this invention i 

Fig. 10 shows an example of a minutia list which is 
usually used in a fingerprint matching method or device i 

Fig. 11 shows coordinate systems for use in describing 
coordinate transformation in general t 

Fig. 12 shows a flow chart for use in describing general 
coordinate transformation t 

Fig« 13 is a block diagram of a coordinate transforming 
circuit which is preferred for use in a fingerprint matching 
device according to an aspect of this invention; 

Pig. 14 shows another example of the minutia listi 

Fig. 15 is a block diagram of a proximate minutia recovery 
circuit for use in the leading matcher illustrated in Fig. 6| 

Fig. 16 (a), drawn below Fig. 14, shows a leading part 
of a flow chart illustrative of operation of the proximate minutia 
recovery circuit depicted in Fig. 15 i 

Fig. 16 (b) shows the remaining part of the flow chartj 

Fig, 17 is a block diagram of a pair detection circuit 
for use in the leading matcher shown in Fig. 6; 

Fig, 18 shows an example of the content of a ainutia 
list used in the pair detection circuit depicted in Fig, 17 f 
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FLg. 19 1b a block dlagru of a relatloci linking unit 
for use in the pair detection circuit of Fig. 17| 

fig, 20 l8 a block diagraa of a alnutla list for use 
In the pair detection circuit of Ilg, 17| 

Fig, 21 is a block diagraa of a pair detecting unit 
for use in the pair detectloa circuit of Fig. 17| 

Fig. 22 is a block diagxraa of a part of a modification 
of the pair detecting unit depicted in Fig. 21» 

Fig. 23 shows a coordinate plane for usewin describing 
additional relation datai 

Fig. 24 is a block diagraa of a pair detection ctrcuit 
in vhicin the additional relation data are usedi 

f^S« 25 shows an exaaple of the content of a cooposite 
filnutia list used in the pair detection circuit illustrated in 
Fig. 24.: 

Fig, 26 shows an exastple of a pair candidate list semory 
used in ^he leading natcher illustrated in Fig. 6? 

Fig. 27 Is a block diagran of an adjustaen£ anount 
decidlngr circuit for use in the leading jsatcher depicted in fig. 
6i 

Pig. 28 shows a weight sap foraed in the adjustaent 
eaount daeciding circuit exeaplifled in Fig, 27 1 

Fig. 29 shows a flow chart for use in describing opention 
of the aodjustnent anount deciding circuit of Fig. 27i 

Fig. 30» drawn below Fig. 28, shows a factor table 
which is autoaatically taken into consideration by the adjustaent 
amount deeciding circuit shown in Fig. 27 1 
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Fig, 31 BhowB another flow chart for use in describing 
^ the operation of the adjustment aaount deciding circuit r 

Fig. 32 BhovB Btill another flow chart for use in describing 
the operation of the adjustment amount deciding circuitt 
5 Pig. 33 shows a set of several minutiae of a search 

and a file fingerprint i 

Fig, 34 Is a schematic diagram of a pair list memory 
for use in the precise matcher illustrated in Jig. 7| 

Fig. 35 shows an example of the content of the pair 
10 list memory depicted in Fig, 3^1 

Fige 36 shows another set of several minutiae i 
Fig. 37 shows another example of the content of the 

pair list memory} 

Fig. 38 shows two minutiae of a file fingerprint 1 
15 Fig, 39, drawn below Fig, 20, shows examples of mlnutla 

pairs I 

Fig, 40 is a block diagram of a direction ahecking.- 
circuit for use In a precise matcher of the typo exemplified 
. in Fig, 7i 

20 Pig, 41 exeaplifiee a search and a file fingerprint 

i area together with minutiae thereof^' and 

Fig. 42 is a block diagraa of a destination deciding 

* ■ 

Circuit for use in the control unit depicted in.Pig, 5. 
Description of the Preferred Embodiments t 
25 (0) General Description 

Referring to Pig, 1, a fingerprint matching system 
comprises four lingerprint matching devices 51a, 51b, 51c, and 
^51d.w^lQh have a cpmmpn strucjture according to the present invention. 
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The number of the devices 51 'a (the affixes a and others being 
onltted) need not necessarily be four. Only one derlce 31 aay 
be used In the systea. The systes further coaprisea a data input 
device 52, a data control and processing device 53 ^ a data storing 
5 device 54, and a aatching control device 55, all of which vill 
later be described in detail « 

Turning to Pig. 2, each fingerprint Batching device 
51 compifees a leading matcher 56, a precise catcher 57, and a 
control unit 59, all of which will presently be described in 
16 outline and later in greater detail* 

As exemplified in Fig. 3» the fingerprint matching 
device 5I nay conprise a plurality of leading catchers 56a, 56b, 
56c , and 56d and a less nuaber of precise natchers 57ck and 57b. 

In either event, the fingerprint aatching device 5I 
15 is for deciding a degree of aatch £ between a search and a file 
fingerprint by comparing data of the search fingerprint with 
data of a great nuaber of file fingerprints. One, if any, of 
the file fingerprint is selected, that gives a best aatch with 
the search fingeaT>rint as regards the degree of aatch g^. When 
20 a plurality of search fingejcprinta are given for aatching, the 

device 51 repeats the coapeLrison. Merely for brevity of description, 
it will be assumed that the device 5I coapares data of only one 
search fingerprint with data of the file fingerprints unless 
otherwise stated. The data of the search and. the file fingerprints 
25 will be identified by affixes S and F, 

Referring to Fig. 4, each fingerprint is a pattern 
or figure co«posed of ridges exeaplifled by thin lines in an 
area depicted on an enlarged scale. Soae of the ridges have 
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abnqpt endings. Bldges that have or have not abrupt ending, 
Kay have bifurcations or branches. FurtherAore, ths ridges nay 
a singular point at which the ridge is irregular as, for example, 
very thick. The fingerprint jnay have a cross point of two or 
more ridges. The abrupt endings, the bifurcations, and so forth 
are called minutiae. The difference between the abrupt endings, 
the bifurcations, and the like is referred to as a difference 
between types of minutiae or mlnutla types. The flngejrprint 
generally includes an unclear area or region indicated by a hatched 
area in which at least the minutiae are not clear. It Is possible 
to select, as by excluding such unclear area or areas from the 
fingerprint, a search and a file fingerprint area where the minutiae 
are clear. 

In order to quantitatively deal with the minutiae , 
an X-I coordinate system is selected so as to have an origin 
0 at, for example, a lowest one of the abrupt endings of a leftmost 
ridge extending towards the palm. The Y axis has the positive 
sense or direction towards the finger tip. The coordinate system 
will herein be called a principal coordinate system. Incidentally, 
it is possible in general to judge the direction of the finger 
tip from the directions In which the ridges flow or trail. 

The minutiae are consecutively numbered with reference 
to the coordinate system. The mlnutla numbers will be denoted 
by Mq, M^i Hj, and M^^, which denotation 

will be used also to represent the minutiae. It is to be noted 
In this connection that a natural number ^ need not always be 
greater than another natural number i but may either be equal 
to or less than the other natural number 1, The last number 
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z usually differs ftcom a flngerjaflnt to another. Par exaaple, 
a search fingerprint has less than sixty-four minutiae in general, 
A file fingerprint say have nearly one hundred and nlnty-tvo 
Blnutiae. 

5 The type of the i-th Binutia will be designated 

by Each ainutia has a position or location given by coordinates 
(X^^t Y^) of the principal coordinate system. It is known in 
the art to define a direction with sense for each abnq;rt ending 
or bifurcation with reference to the principal coordinate 
10 systes. As indicated by a short thick line, the direction of 
an abri^t ending is defined by the direction in which the ridge 
extends fros the abrupt ending, The direction of a bifurcation 
is precisejiy defined in United States Patent No, 4,310,827 issued 
to Koh Asai, one of the present applicants and assignor to the 
13 instant assignee. 

A concentration or density is defined for each ainutia 
by the nusber of other Minutiae which an present in a prescribed 
area including the ninutia being taken into consideration. 
The prescribed area is conveniently a circle having the center 
20 at the sinutia under consideration and a predeterained radius. 
For the exaaple depicted on the enlarged scale, the concentration 
is seven for the sinutia M^, 

An x**y local coordinate system will be selected for 
each sinutia The local coordinate system has a local origin 
23 at the sinutia M^. The ^ axis has the positive sense in coincidence 
with the sinutia direction D^. The x-y coordinate plane is divided 
into a predetermined number of sectors having a common vertex 
at the ainutia H. • A proximate minutia, if any, is selected 
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in each sector. For the example being illustrated, the sectors 
are the first through the fourth quadrants of the local coordinate 
systen. Minutiae H^^, K'^^, n^^, and M^^^ are representative of 
the proximate minutiae in the first, the second, the fourth, 
end the third quadrants, respectively. It should be noted that 
the double suffixes 10 throu^ 13 are representative of pertinent 
ones of 0 through the natural number z and that the suffix endings 
0 through 3 are -selected for the respective quadrants so as to 
simplify the circuitry of the fingerprint matching device 51 
(Figs, 1 throu^ 3) as vill later become clear. The proKlmate 
minutiae through M^^ will either singly or collectively be 
designated M^^. As the case may be, the i-th mlnutia M^^ used 
as the local origin, will be called a reference ainutia in contrast 
to the proximate minutia or minutiae M^^, 

The number of rldgea that lie between a reference minutia 
and each proximate minutia M^^^, is herein named a ridge count 
and denoted by R^. The ridge count is what is called a 
relationship in the above-referenced Asai Patent and is different 
from the "ridge count" described in a reference cited in the 
Asai Patent. The illustrated minutia has ridge counts R^^^, 

^11' ^2* ^3 to 1, 2, 4, and 1, respectively. 

In some cases, the ridge count R^^^ may be zero. 

Referring now to Pig. 5, the control unit 58 (Figs. 

2 and 3) comprises a buffer memory 6I which is loaded; as will 

become clear as the description proceeds, with data from the 

matching control unit 55 (Fig. l) through a bus 62 and a device 

interface circuit 63 and furthermore with data from the precise 

matcher 5? or matchers 57'6 through a bus 64 and a matcher interface 



0098152 

14 

circuit 65 » The buffer meaory 61 is controlled by a control 
circuit 66. A destination deciding circuit 6? is for ieciding 
the destination of the data in the Banner to be later described. 

Turning to Pig, 6, each leading aatcher 56 (Fig. 2 
or 3) covprlses a sequence controller 69 connected , as will later 
becone clear , to a first ainutia list msviary 7I directly and 
also through a coordinate trsuasforming circuit 72, a pair candidate 
list »eaory 73, a working area 74, a contt:ol aesory 75, a proxinate 
ninutla recovery circuit or relation calculating circuit 76, 
a pair detection circuit 77 1 and a (coordinate) adjustsent anount 
deciding circuit 78, As will socm becose clear, the ainutia 
list Kenory 71 comprises search and file fingerpzint Msories 
71s and 7IF. The control ■eaory 75 i« prell«lnarily loaded with 
a Aicroprogram (microcode) for use in controlling, among others » 
the adjustment amount deciding circuit 78 as will later be described 
in detail. 

Further turning to Fig. 7f each precise matcher 57 
(Fig. 2 or 3) comprises a sequence controller 79 connected, like 
in the leading matcher 56, to a second minutia list memory 81 
directly and through a coordinate transforming circuit 82, a 
pair candidate list memory 83. a working ana 84, a control menory 
85, a pair list memory 86, a region pattern list memory 87, a 
candidate fingerprint list memory 88, and an arithmetic unit 
99 which is connected also to the working area 84. The control 
memory 85 is for controlling the arithmetic unit 89. 

A fingerprint satching device 5I according to preferred 
embodiments of this invention, will be described more in detail 
under the following subsections. 
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A closing paragrai*! will be added to the description as an additional 
subsection (ll). 

(l) Read out of Minutia Data 

Referring to Fig. 8, data for each fingerprint are 
15 coaposed of identification or desoriptiye data, a region pattern 
list, and a (first) minutia list. The identification data of 
each file fingerprint consist of an identification nunber given 
to the file fingerprint, the name of the person who printed the 
fingerprint, male or female, the date of birth, the na«e of finger, 
20 the date and the locality of print, and the like. The identification 
data of each search fingerprint nay conprise some of these. 
The region pattern and the minutia lists of a search fingerprint 
way be fbrned by the data input device 52 (Fig. l) fro« the search 
fingerprint. The device revealed in the above-cited Asal Patent 
25 is effective for this purpose. The Identification data and the 
region pattern and the minutia lists of a great number of file 
fingerprints may preliminarily be stored in the data input device 
52. At any rate, the region pattern list gives the search and 
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the file fingerprint areas by the principal coordinate eyatea. 
The Blnutla list will shortly be* described In detail. 

Referring back to Fig. 1» data of the search fingerprint 

« 

are transferred froa the data Input device 52 by the data control 

5 and processing device 53 to the data storing device 54- and stored 
therein. Also, data of the file fingerprints. .are successively 
stored In the data storing device 5k throu^ the data control 
and processing device 53* On so transferring the data, the data 
control and processing device 53 say or say not edit the data. 

10 For example, the data control and processing device 53 aay keep 
the identification data except the identification nuabers, irhlch 
are sent to the data storing device 5k for storage therein. 

After storage of the data of the search and the file 
fingerprints in the data storing device 5^9 the data control 

15 and processing device 53 sends a couond to the »atchlng control 

device 53 through a bus to start the fingerprint Batching, Before 
eventually supplied froa the Matching control device 55 throue^ 
the bus with a result signal which represents the success oa: 
unsuccess of the fingerprint juitchlngt the data control and processing 

20 device 53 is free to deal with other Jobs, such as transfer of 

the data of another search fingerprint fros the data input device 
52 to the data storing device 5^, Incidentally, the result signal 
represents the degree of match upon success of the fingerprint 
Batching and at least the identification nusber of the file fingerprint 

25 best Batched vith the search fingerprint. 

Referring to Fig. 9 in addition to Figs. 1 through 
6 and 6, a first step of the fingerprint matching is to read 
out the data of the search and the file fingerprints from the 
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data storing device 54 by the Batching control device 55 in responee 
to the coaioand. At the outset » the data of the search fingerprint 
are read out and delivered to the fingerprint matching devices 
51*8. In each fingexpcint matching device 5I, the data of the 
search fingerprint are supplied to the leading matcher 56 (Fig. 
2) or matchers 56' s (Pig. j) through the control unit 59 and 
a bus 90 (also in Fig. 5) and stored in the search mlnutia list 
memory 71S of every leading matcher 56 through the sequence controller 
69. 

Subsequently, the matching control device 55 delivers 
the data of one of the file fingerprints to one of free leading 
matchers 56*8 of the fingerprint matching devices 51 's in the 
manner idiich Kill later be exemplified in connection with the 
destination deciding circuit 6? (Jlg. 5), In the tree one of 
the leading matchers 56*8, the data are stored in the file mlnutia 
list memory 71F. If there are other free leading matchers 56' s, 
the matching control device 55 feeds the data of other file fingerprints 
thereto. 

The fingerprint matching system eonprising a plurality 
of fingerprint matching devices 51*8 as exemplified In Pig. l, 
is therefore capable of substantially concurrently matching the 
data of a search fingerprint with the data of a plurality of 
file fingerprints. Operation will, however, be described in the 
following as regards the data of only one file fingerprint unless 
otherwise stated. 

Turning to Pig. 10, the first mlnutia list memory 71 
(Fig. 6, 71s or 7iF) comprises a plurality of memory sections 
having row addresses which can be specified by a row address 
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signal indicative of a ninutia nuaber at a time. Each Beaory 
sector has a plurality of Beaory fields having column addresses 
which can be indicated by a colunn address signal as will becose 
clear as the description proceeds « Incidentally , the ainutia 

5 aeaory 71 aay temporarily store the identification nuabers and 
the region pattern lists of the search and the file fingerprints. 

According to one of the preferred eabodiaents of this 
invention, the aeaory fields of a aeaory sector accessible by 
the ainutia number M^, coaprises a first field for the alnutia 

10 type Q^, a second field for the position and the direction data 
^i* ^i' ^i' ^ third field for the concentration C,^* and a 
fourth field for the ridge counts Bj^^ throu^ or JL^. In 
the first field an end aark is stored in the aeaory sector which 
next follows the aeaoxy sector for the last-niubered ainutia 

(2) Coordinate Transforaation 

Inasatich as the search and the file fingerprints are 
printed under different clrcuastances, it is necessary on aatching 
the search fingerprint with the file fingerprint to subject the 
20 ninutia list of at least one of the search and the file fingerprints 
to a certain aodification. 

By way of example, different first and second principal 
coordinate systems are used in general on describing the ainutia 
positions and directions of the search and the file fingerprints, 
23 respectively. The first (principal) coordinate systea aust be 
subjected to forward (coordinate) transformation to be a new 
principal coordinate system that gives a best match with the 
second coordinate system and will be referred to as a "central" 
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coordinate system merely for convenience of diacrlMination. 
Incidentally, it is convenient to subject the first coordinate 
system to the coordinate transformation rather than. the second 
coordinate system because of a generally much less number of 

5 the minutiae. 

The region pattern list of the search fingerprint, 
however, need not be forwaxdly transformed as will later become 
clear. During comparison of the minutia lists between the search 
and the file fingerprints, the position data represented by the 

10 central coordinate system must therefore be subjected to back 

(coordinate) transformation for comparison with the region pattern 
list. 

As will soon become clear, such coordinate transformation 

is necessary in a great number of cases • 

15 Referring to Fig, 11, the principal coordinate system 

has a principal origin 0 and principal X and Y axes X and Y , 

P P p 

The central coordinate system has a central origin 0^ and central 
X and Y axes X^ and Y^. It will be presumed merely for simplicity 
of description that each coordinate system is a right-hand orthogonal 

20 coordinate system. 

The central origin 0^ has coordinates (x, y) according 
to the principal coordinate system. The central X axis X is 
counterclockwise rotated by an angle of rotation ^ from the principal 
X axis Xp. In other words, the forward transformation is to 

25 translate the principal origin 0^ by translation components x 

and i and to rotate the principal coordinate plane by the angle 
of rotation pi. 
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Central coordinates (x^, y^) of a point H are related 
to principal coordinates (Xp» y^) of the point M byi 

\ - (^p • * (yp • y)8inJ^ (1) 

and y^ s (y^ - 3f)co8^ - (x^ - x)sin0. (2) 

5 Turning to Fig, 12 « a first phase of the forward transforsa- 

tion is to calculate values cos^ and sin^ of the trigonoaetric 
or circular ftinction, A second phase is to calculate first and 
second differences (x^ - x) and (Xp y)» A third phase is to 
calculate firat and second products (x^ - x)co8^ and (y^ - y)Binj*, 

10 A fourth phase is to calculate an ultiaate sua according to Equation 
(l). A fifth phase is to calculate third and fourth products 
(yp * y)cos0 and (x^ - x)sinf$» A sixth phase is to calculate 
an ulti»ate difference in .cospliance with Equation (2), It is 
possible to sinultaneously carry out the third and the fifth 

15 phases and* also the fourth and the sixth phases. 

Incidentally, the backwaixl transfornation is carried 

out in accordance withi 

x^ c X cosj* - y^sin0 ^ x (3) 
p q q 

and y^ s y^cos^ ♦ x^sinf^ + y. (4) 

20 The forward and the backward transforaation has been 

casnried out by the use of softwasre, which is not suited to rapid 
processing. In particular, a coaplicated electronic digital 
c caput er is indispensable in carrying out the first phase and 
the third and the fifth phases, 
25 Referring now to Fig, 13, an example of the coordinate 

transforming circuit 72 (Fig, 6) is for rapidly carrying out 
the forward and the backward transforaation with simple circuitry. 
As will later be described, a mode signal MOO is supplied froa 
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the sequence controller 69. The aode signal MOD Indicates the 
f onrard and the baclward transforaation by, for exaaple, binary 
sere and one, respectively. 

As will also be described in the folloving, X, Y, and 
5 D input terminals Xj, Yj, and Dj are supplied at first with initial 
data consisting of the translation compments x and and the 
angle of rotation >f, Vhen a latch pulse LAT is supplied froa 
the sequence controller 69, the initial data are stored in X, 
Y, and D registers 91. 92. and 93. The latch pulse LAT is soon 

10 switched off. 

The angle of rotation 0 stored in the D register 93 
is delivered to an ROM 9^ as an address signal and to a D adder-sub- 
tractor 95 for the purpose which will shortly be described. 
Values of the trigonometric function are preliminarily stored 

15 In the ROM- 9^ for various values of the angle of rotation 0. 
Accsssed by the address signal, the ROM 94 produces the values 
cos!« and sinpJ to carry out the first phase (Pig. 12). Incidentally, 
each angle ^ may be given a binary number having up to eight 
bits. Each value cos^ or sin^ may be represented by a binary 

20 number of ten bits. 

On carrying out the forward transforaation, the input 
terminals Xj, Yj, and Dj are supplied with the principal position 
data Xp and y^ and a principal direction datum d^ from the minutia 
list memory 71 (Fig. 6) as will soon be described. Responsive 
25 to the mode signal MOD indicative of the forward transformation, 

first X and Y selectors 96 and 9? select the input data fed directly 
thereto from the input terminals Xj^ and Yj to deliver the principal 
coordinates and y^ to first Jl and Y adder-subtractoi» 98 and 
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99. Controlled by the aode signal MOD, the adder^eubtractore 
98 and 99 calculate the first and the second differences to carry 
out the second phase. Controlled also by the Kode signal MOD, 
second X and Y selectors 101 and 102 feed the differences to 

5 first and second multipliers 103 and 10»f, which calculate the 
first and the second products to carry out the third phase. 
The second X and Y selectors 101 and 102 fUrtheraore deliver 
the differences to third and fourth multipliers 105 and 106, 
which calculate the third and the fourth products according 

10 to the fifth phase. 

Responsive to the aode signal MOD, second X and Y adder-sub- 
tractors 10? and 108 calculate the ultiMite sub and difference 
to carry out the fourth and the sixth phases, respectively. 
Third X and I selectors 109 and 110 are controlled by the node 

15 signal MOD- to feed the ultiaate sua and difference to X and Y 
output terainals Xq and Yq as the central coordinates and 
y The D adder-subtractor 95 calculates a difference (d - ^) 
and deliver the difference to a D output terminal Dq as a central 



20 



direction datum d^. 



For the backward transformation, the mode signal MOD 
is made to indicate the same. The input terminals Xj, Yj, and 

are supplied at first with the initial data, which are stored 
in the registers 9I through 93 by the latch pulse LAT. It is 
possible to make the registers 9I through 93 keep the initial 
25 data stored therein before beginning of the forward transfornation. 
At any rate, the input terminals X^, Yj, and Dj are 
now supplied with the central position and direction data x^, 
y . and d . Responsive to the aode signal MOD indicative of 

q 1 
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the backward transforaatlon, the second X and Y oelectors 101 
and 102 select the Input data delivered thereto directly ftos 
the X and y input terminals Xj and Xj to feed the central cooidlnates 
\ *° second nultlpliers 103 and 104, 

5 respectively, and also to the third and the fourth aultlpllers 
105 and 106. The first and the second nultipllers 103 and 104 
calculate the products used in Equation (3) and the third and 
the fourth Bultipliers I05 and I06, the products used in Equation 

Responsive to the node signal MOD. the second X and 
X adder-subtractors 10? and 108 calculate a difference and a 
SUB Of the product* according to Equations (3) and (k), respectively . 
The first X and Y selectors 96 and 97 no« select the input daU 
fed thereto from the second X and Y adder-subtractors 10? and 
15 108 to deliver the difference and the sua to the first X and 

Y adder-subtractors 98 and 99, which calculate the right-hand 
sides of Equations' (3) and (4), respectively. 

Controlled by the node signal MOD, the third X and 

Y selectors 109 and 110 select the input data supplied thereto 
20 from the first X and Y adder-subtractors 98 and 99 to deliver 

the principal coordinates and to the X and the X output 
terminals X^ and Y^. The D adder-subtractor 95 sums the central 
direction datum d^ and the angle of rotation ^ to feed the principal 
direction datum d^ to the D output terminal D^. 

" helpful depending on the circumstances to 

refer to the central coordinate system again as a first principal 
coordinate system. As will become clear as the description proceeds, 
the coordinate transforming circuit being illustrated, is capable 
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of carrying out forward and baokward transforaation between the 

principal coordinate systea and a local coordinate systea, Vhen 
used In the leading aatcher 56 (Fig. 6}| the coordinate tzansfornlng 
circuit 72 need not caixy out the backnard tranefornatlon. On 
5 the other hand, the coordinate transforaation circuit 82 (Fig, 

7) need not carry out the forwaxd traneforaatlon. The coordinate 
transfomlng circuits 72 and 82 therefore need not coaprlse the 
selectors 96, 97, 101, 102, 109 p 110. The sequence controllers 
69 and 79 need not produce the aode signal MOD. The circuitry 

10 Illustrated with reference to fig. 13 is useful lAen a single 

alnutia list aeaory is used In place of the first and the second 
ttinutla aeaories 71 and 81 in storing the alnutia list referred 
to hereinabove as the first alnutia list. Use of the first and 
the second alnutia list aeaories 71 &nd 81 is preferred because 

15 provision of the leading and the precise aatchers 56 and 57 is 
thereby enabled and because the second alnutia list aeaory 81 
need not have a large aeaory capcclty as will later becoae clear. 
(3) Recovery of Proximate Minutiae 
Referring to Fig. 14, a aeaory sector for the 1-th 

20 alnutia M^ in the search and the file alnutia list aeaories 7IS 
and 7IF of the first minutia list aeaory 71 (Fig. 6) may coaprlse 
first through eighth fields accessible by the coluan address 
signal. The fifth through the eighth fields are for storing 
the proximate alnutia numbers M^^^, naaely, the nuabers given 

25 to the proximate ainutlae M^^^. Recovery of the proximate minutiae 
is unnecessary in this event. The recovery is necessary 
as shown at a second step in Fig, 9 when the alnutia list 
aeaory 71 is loaded with the alnutia list in coapliance with 
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Fig. 10 In order to reduce the oeaory capacities of various neBories 

used in the fingerprint Batching syetea (Plg. l). 

Speaking aore in general » it la necessary on Matching 

two fingerprints to cofflpare a local feature of a minutia M. 

IS 

5 of the search fingerprint with a corresponding local feature 
of a minutia Mjp of the fUe fingerprint, Ihe local features 
should preferably be independent of selection of the principal 
coordinate systens for the respective fingerprints. Examples 
of such local features are the minutia types Q^^g and Qjp and 
10 the concentrations C^^g and Cjy, On defining the concentration, 

it is possible to use instead of a single prescribed area a plurality 
of prescribed areas for each reference minutia, such as the sectors 
described heretpbefoxe in connection with the ridge counts R 

ir 

The ridge counts H^^g and Bj^p are also useful as the 
15 local feature. Discussion will, however, later be given to the 
ridge counts R^^. 

It has now been confirmed, that another local feature 
is effective on carrying out the compariaon. The other local 
feature is a distance between the reference minutia and each 

20 proximate minutia N^^. 

More specifically, the distance is conveniently calculated 
by the use of the local coordinate system described in conjunction 
with Fig. 4. The distances for corresponding proximate minutiae, 
such as Mj^Qg and Mj^^, are used in evaluating a local similarity 

25 between the minutiae H^^ and M^^ under consideration. When a 
difference between such distances is less than a predetermined 
threshold, the local similarity between the minutiae M,„ and 



H 



Ijp is given a nark 1. If the differences for the respective 
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proxlaate minutiae N. In four quadsrants are all leae than the 
threshold- the local aialUrlty is gLven a full nark k. 

As thus far been described, the ridge counts, the concentra- 
tlon or concentrations, the differences, and/or the like are 
5 calculated for each Minutla with reference to a loc&l coordinate 
systen having a local origin at the nlnutla under consideration. 
These data will be referred to as relation data, vhlch are substantial* 
ly Independent of the principal coordinate systeA and are helpful 
in founding a local siailarity between a reference ninutia of 

10 the search fingerprint and a reference slnutla in the file fingerprint. 

Calculation or evaluation of the local slBllarity will 
be called relation evaluation. The relation evaluation must 
be carried out rapidly and yet with a hi£^ reliability because 
each search fingerprint aust be coa^pared with an enoraous nuaber 

15 of file fingerprints. The relaticm evaluation is also used in 
recovery of the proxinate minutiae. 

Referring to Figs. 15 and l6, an example of the proxinate 
nlnutla recovery circuit 76 (Fig. 6) comprises a local controller 
111 operable according to a microprogram stored therein. Start 

20 of the distance calculation is Indicated by a start signal STRT 
from the sequence controller 69 as shown at a eeroth step Bq 
(Pig. 16). 

In compliance with the microprogram, the local controller 
111 sets an initial value of zero in each of first and second 
23 ..fields A and B of a first address register 112 at a first step 

fi^. The address register 112 is for producing a composite address 
signal AD for specifying the row and the column addresses in 
one of the search and the file mlnutia list memories 71S and 
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71P at a time that aay be selected by a read signal B according 
to the microprogran. Incidentally, a second address register 
113 ie for sittilarly accessing the sane ainutia list aesory 71 
(71s or 7IP) by a like address signal, designated also by AD, 
5 and has first and second fields which will be denoted by E and 
P. The first fields A and E are for producing the row address 
signals representative of the minutla numbers M^^ and Mj, The 
second fields B and P are for likewise producing the coluan address 
signals for either the same field or different fields. 

^0 ^ero is set in the second fields B and P and moreover 

when the 1-th minutia VL^ is concurrently specified by the row 
address signals produced from the first fields A and B, the ainutia 
list memory 71 produces the minutia type Q^^ from the first field. 
It will now be assumed that the adidress signals AD are for the 

15 search minutia list memory 7IS and that the eero column address 
signal accesses also the second field. 

As indicated at a second step Bg, the controller 111 
aakes the first address register 112 produce the address signal 
AD. The minutia type Q^g thereby read out, is set in a Q field 

20 of a parameter register 114. The other data X^g, Y^g, and Dgg 
are delivered to the X, Y. and D registers 9I through 93 (Fig. 
13). Immediately thereafter, the sequence controller 69 is made 
to produce the latch pulse UT (Pig. 13) and the mode signal 
MOD indicative of the forward transformation. The position data 

25 Xq and Yq (the suffix S being omitted for a short while) provide 
the translation components x and jr described in connection with 
Fig. 13. The direction datum D^ provides the angle of rotation 
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Inasauch as the Bode signal NOD in uncecessazy for 
the coordinate transforaing circuit 72 (Fig. 6)» the latch pulse 
LAT is produced by the local controller 111 rather than by the 
sequence controller 69 in the example being illustrated. It 
5 Kill now be sumlsed for brevity of descriptlcm that the position 
and the direction data X^^ and axe read fron the search 
ninutia list aencry 71S. 

At a third step By the controller 111 checks whether 
or not the ninutia type Q^^ stored in the Q field is the end nark. 

10 If not, the controller 111 sets the initial value of zero in 
each of the fields S and F of the second address register II3 
and another initial value of one in each of address fields Hq, 

Kgf and and diatance fields Dq* D^, and of a register 
file 115 as shown at a fourth step B^. The correspondingly nuabered 

13 address and distance fields » such as and 0^, are two fields 

of a partial register of the register file II5, As will presently 
become clear, the address fields are eventually loaded with 
the proxinate ainutla nuabers M^^^ which are present In the first, 
the second, the fourth, and the third guandrants for the i-th 

20 alnutla being dealt with and used as the reference ainutla. 
The initial value of one set in the address fields and in 
the distance fields indicate that there is no proxiaate ainutlae 
in the respective quadrants and that the distance between the 
reference alnutla and a alnutla in the corresponding quadrant 

25 is infinitely long. 

As shown at a fifth step B^, the controller 111 aakes 
the second address register 113 produce the address signals AD 
representative of the contents of the fields E and F, The row 
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address thereby specified , is for the «eroth ninutia M^. it 
Kill, however, be preauned like for the address signal AD produced 
from the first addxess register 112 that the row address for 
the J-th minutia Mj is indicated by the row address signal produced 
by the first field B of the second address register II3, 

The Q field of the pazaaeter register 114 is rewritten 
into the minutia type Q.. The other data X>, Y.. and D. are 
supplied to the X, Y, and D adder-eubtractors 98, 99, and 95 
(Fig. 13) as the principal data x^, y^, and d^. At a sixth step 
Bg, the forward transforsation is autoaatically carried out. 
The local (coordinate) data x^, y^. and d^ are stored in X. Y, 
and B fields of the paraaeter register 114 at a seventh step 



^7- 



The local position data x^ and y^ retained in the X 
and Y fields of the parameter register 114 are delivered to X 
and Y square calculators II6 and U?. respectively. Squares thereby 
calculated, are fed to an adder 118. The square of the distance 
between the i-th minutia under consideration and the j-th 
minutia Mj being selected, is supplied to one of two input ports 
of a comparator II9. 

In the meantime, a permutation of the sign bits of 
the local position data y^ and stored in the Y and x fields 
of the parameter register 114, is delivered towards a selector 
121 to represent a two-digit binary number. Ihe binary number 
indicates that the j-th minutia Mj is present in one of the quadrants 
that is decided as follows. If the binary number is 00 or decimal 
0, the J-th minutia is in the first quadrant. If the binary 
number is equal to 01, 11, and 10, namely, decimal 1, 3, and 
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2. the J-th nlnutla Hj la In the secmd through the fourth quadrants, 
respectively. 

Unless the Ainutia type kept in the Q field of the 

paraaeter register 114- shows the end aark^ the controller 111 

sends a selection signal to the selector 121 to sake the same 

supply the sign bit permatation to the register file 115 as an 

address signal for accessing the partial register having the 

address field K that is allotted to the quadrant indicated by 
r 

the sign bit permutation. The content of the distance field 
of the accessed partial register is supplied to the other 
input port of the comparator 119. 

As collectively shoim at an ei^th step Bg, the comparator 
119 compares the sum (x^ * ^ distance DCsignCy^], 

sign[x^]} read out of the distance field 0^ of the accessed partial 
register. ,If the former is leas than the latter, the J-th mlnutae 
M . is nearer to the i«th minutia than another minutia xhich 
is previously dealt vith to provide the distance being read out. 
The comparator 119 informs the controller 111 of the fact by, 
for example, a binary one signal. 

Meanwhile, contents of the first fields A and E of 
the address registers 112 and 113 supplied to a coincidence 
detector 122. When the contents are the same, the coincidence 
detector 112 produces a coincidence signal of logic one. That 
is, the logic one coincidence signal is produced when the j-th 
minutia M, is not diffeirent from the i-th minutia H^. The coincidence 
signal is fed to an inhibit port of an inhibit gate 123 to inhibit 
the binary one signal delivered thereto from the compa;rator 119, 
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In the Aeanvhlle, the content of the first field S 

of the second address register 113 is delivered to the address 

fields of the register file 115. Purtheraore , the sua calculated 

by the adder 119 is supplied towards the distance fields I) , 

r 

5 When the coincidence signal Is logic sero to indicate that the 

j-th ftlnutia Mj is different from the 1-th alnutia and consequent- 
ly In one of the quadrants except the local origin M^^, the Inhibit 
gate 123 supplies the binary one signal to the register file 
115 as a write-in signal. At a ninth step B^, the contents of 
10 the address and the distance fields 1^ and of one of the partial 
registers that is accessed by the sign bit permitatlon supplied 
thereto throu^^ the selector 121, are renewed to the content 
of the first field E of the second address register 113 (the 
minutia number of the J-th nlnutla Kj) and to the sua (square 

15 of the distance between the alnutiae and M,)» 

J 

Either if the sua is not less than the previously calculated 
sua or if the j-th nlnutla Mj Is in fact the 1-th minutia M^^, 
the eighth step Bg Jumps to a tenth step B^^ where the controller 
111 makes a one-adder 124 add one to the content of the E field 

20 of the second address register 113. When the sum Is less than 

the previously calculated sum and furthermore when the j-th nlnutla 
Hj Is different from the i-th minutia M^, the above -described 
ninth step is followed by the tenth step B^q, The contents 
of the register file II5 are thus renewed whenever a nearer alnutia 

25 is found in a certain one of the quadrants. 

By so repeating either the steps B^ through or 
the steps B^ through Bq and B^^ with the ninth step B^ skipped, 
the controller 111 renews the contents of the register file II5. 
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Recovery of the proxlaate ainutiae for the i-th minutia 
ends when the end «ark is eventually detected at the seventh 
step By, At this instant, the proxlaate aintitia numbers 
are kept In the respective address fields M^. If no proacisate 
■inutia is found in a certain one of the quadrants, the initial 
value of one is held in the address field M^^ allotted to that 
quadrant. 

The process now proceeds to transfer the praxiaate 

■inutlae M, of the i-th ainutia M. . In the cxaaple being illustraiea, 
ir * 

the transfer is carried out to that one of the search and the 
file minutia list seaories ?! (713 and 71F) froa which the i-th 
ainutia M^^ is read. As a result of the transfer, contents of 
the aeaory sector for the i-th ainutia M^^ are changed froa those 
exeapiificd in Fig, 10 to those exemplified in Fig, 14, 

It will now be assuaed aerely for convenience of descripti<»i 
that the coluan address of the fifth field (Fig. 14) for the 
ainutia number YI^q is decimal 4 or binary '100. At an eleventh ' 
step B^^, the local controller 111 initialises the content of 
the second field B of the first address register 112 to 4. Two 
consecutive less significant bits of the second field B are supplied 
to the selector 121, which are now 00 lout of the binary 100 and 
correspond to the address signal used in accessing the partial 
register (Mq and Dq) assigned in the register file 115 to the 
first quadrant. As a part of the composite address signal AD, 
the second field B produces the column address signal for the 
fifth field. The row address signal produced froa the first 
field A as another part of the address signal AD, still specifies 
the row address for the i-th ainutia M, in the minutia list memory 
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71 In question. Concurrently with the eleventh step B^, the 
oontroller 111 lakes the selector 121 select the two less sl^lf leant 
bits. 

The register file 115 produces the content of the accessed 
5 address field Mq as a data signal MD, vhlch is delivered towards 
the ttinutla list »eaory 71 under consideration. The controller 
HI supplies a write<-in signal V to the minutia Hat neaory 71, 
Therminutia number M^^q is therefore pertinently written in the 
ttinutla list aemory 71 at a twelfth step B^, 
10 At a thirteenth step B^^t the ccmtroller 111 aakes 

the one-adder IZk add one to the content of the second field 
B, The content specifies the coltmn address for the prcKlttafte 
ttinutla M^^« The two less significant bits designates the second 
quadrant. 

15 At a fourteenth step B^^^^t the controller 111 checks 

the content of the second field B whether or not overflow results 
f ron the addition of one to render the content equal to declttal 
0, If not, the process returns fron the fourteenth step B^^ 
to the twelfth step B^^g. 

20 Repeating the steps Bj^ through B^^^, the controller 

111 transfers the proximate ttinutla nuttbers H. to the ttinutla 

ir 

list tteaory 71 being dealt with. When the overflow is detected, 
at the fourteenth step B^^^ the controller 111 aakes the one-adder 
124 add one to the content of the first field A at a fifteenth 
25 step B^y The row address for the (l+l)-th winutia la now apeclfled. 
The process returns from the fifteenth step B^^ to the second 
step B^t 
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In this manner, the proximate minutiae, if any, are 
recovered successively for the minutiae Mq, M^, •»., H^, 
and M and stored in the minutia list memory 71 in question. 
After the proxiiate ainutla nuaber M^^ io eventoally stored in 
the minutia list MBOcy 71, the content of the first field A 
of the first address register 112 beeoaes equal to (z t l) at 
the fifteenth step B^^. The end nark is now stored in the Q 
field of the paacaaeter register 11^, When the controller 111 
detects the end nark at the third step By the recovery of the 
praxisate sinutiae coses to an end as ehofm at a sixteenth step 

{k) Fair Detection 

For each alnutia M^^, the ainutia type Q^, the position 

and the direction data X^, Yj, and D^, and the like wiU now 

be called minutia data of the minutia H^, The proximate minutia 

numbers H, and the ridge counts B. will be named fundamental 
Ir 

relation data of the minutia Mj^. The minutia data and the fundamental " 
relation data will collectively be called overall minutia data 
of the minutia M^^. A link or combination of the position and 
the direction data x^, y^^. and d^ of the proximate minutiae 
as regards the local coordinate system for the minutia M^^ 
used as the reference minutia, and the ridge counts will 
now be referred to as relation link data of the reference minutia 
Hj^. The minutia data and the relation link data will collectively 
be called overall relation link data of the reference minutia 
M^. For each fingerprint, a set of the overall minutia data 
or the overall relation link data of all minutiae will now be 
called fingerprint data of that fingerprint. 
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On Batching a search flnjcerprlnt with each file fingerprint. 
It is iaportant to find a pair of nlnutia of the search fingerprint* 
and a nlnutia of the file fingerprint. On finding such pairs, 
It is already knomi to use the overall relation link data for 
5 each combination of a sinutia of the search fingerprint and a 
Binutla of the file fingerprint. The aeaory for storing the 
fingerprint data of the search and the file fingerprints, therefore 
Bust have a lange aeaory capacity. This has rendered the conventional 
fingerprint matching device bulky and expensive. 

^'^ It should be noted in this connection that a plurality 

of minutiae aay be found at first in one of the search and the 
file fingerprints as pairs of a ainutia of the other fingerprint 
at a third step depicted In Fig, 9. The pairs are later processed 
as regards the detail Into a sln^e pair. Such "pairs" will 

15 also be called a "pair" for the tlae being. At any rate, It 
Is not mandatory according to this Invention to care for such 
a plurality of pairs. Each of the position and the direction 
data Xj^, Y^, and may therefore be given for the pair detection 
by a relatively coarse or wide quantisation step as, for exaaple. 

20 by only four consecutive more significant bits of each data X^^, 
X^t or D^, 

Referring to Fig, 1?, an exaaple of the pair detection 
circuit 77 (f^g. 6) is effective in rendering the fingerprint 
Batching device 51 (Pig. l) compact and inexpensive. The illustrated 
25 pair detection circuit 77 comprises a relation linking unit 126, 
a Binutla memory 127, and a pair detecting unit 128 as will be 
described in the following. 
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Turning to Fig* 18 • the Blnutla me«ory 12? may store, 
as will shortly be described in detail, the overall relation 
(link) data for the search fingerprint and one file fingerprint. 
In a aeAory section (to be later described) accessible by a row 
5 address signal Indicative of a reference mlnutia , the ainutia 
data Qj^, C^^, X^^, X^^, and are stored in successive coluanfe;. 
Purtheraore^ the relation link data R^^q, x^q^ y^^. E^^, 
x^^, dj^2» ^13' *i3 stored in successive 

colUBns« It will therefore be assuaed that the ainutia list 
10 meaory 71 (Fig« 6, 71S or 71F) Is for storing, for each nlnutla 
Mj^, the sinutia data and the fundaaental relation data In the 

order of Qj^, C^i X^f Yj^p D^t Rj^Qt "^q* ^h' ^il* ^12* •••» ^^13* 
and K^y rather than in the order exeapllfled in Flg« 14. The 
local position and direction data y^^, and d^^^ aay, for 

15 storage in* the ainutia aeaory 127$ be given by the coarse quantisation 
step. When no proxinate ainutia is found In a quadrant r , a 
specific code is stored in place of the ridge count R^^ for the 
proximate ainutia Hj^^. 

Referring to Fig. 19 , the zrelation linking unit 126 

20 (Fig. 17) coB^rlses a central controller 129 put into operation 

by the sequence controller 69 (Fig, 6) after coapletion of recovery 
of proxinate ainutiae for the search fingerprint. The controller 
129 sends a first address signal I3I (also in Fig. 17) to the 
search ainutia list neaory 7IS of the ainutia list meaory 71, 

25 An input data signal 132 (also in Fig. 17 ) ia aent back to the 

relation linking unit 126. When the address signal I3I indicates 
the i-th ainutia M^g as will presently be described, the data 
signal 132 represents the overall ainutia data, namely, the minutia 
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data Q^g. Cj^g, Xj^g, Yj^g, and D^g and the fundaaental relation 

^£0S' ''lOS* \lS* •••» ^38' ''i3S* ^* possible to 
make the address signal I3I give the position and the direction 
data Xj^g, Yj^g, a£id D^^g by the coarse quantisation step. 

The fundaaental relation data are fed touards a shift 

register 13'f, The position and the direction data X, , Y , 

IS . IS 

and Dj^g are supplied towards X, Y, and D registers 135X» I35Y, 
and 135D. At least the minutia type Q^g is supplied to the controller 
129, The controller 129 produces a latch pulse LAT to store 
the fundamental relation data in the shift register I34 and the 
position and the direction data la the registers 135' s. An output 
data signal I36 (also In Pig. I7) supplied towards the «inutia 
Bienory 12?, represents the alnutia data and then other data which 
will later be described. 

Jhe controller 129 check*., whether or not the ninutia 
type (the suffix S being oaitted for a short whUe) represents 
in fact a minutia type. Having confirmed, the controller 129 
supplies the minutia memory 127 with a second address signal 
137 indicative of a row address for the i-th minutia and a 
column address for the minutia data and sends a directive signal 
DIR to the shift register IJk to make the same supply the foremost 
proximate minutia number M^q back to the controller 129, which 
makes the lirst address signal I31 indicate the proximate minutia 
number instead of the i-th minutia number M^^. The shift 
register IJk furthermore produces the ridge count Rj^^ aa the 
output data signal I36. 

The input data signal 132 now represents the overall 
minutia data for the iO-th minutia M The controller 129 "akes 
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the second address signal 1^7 Indicate the row address for the 
1-th minutla M^^ and the coluan address for the ridge coiint 
and the position and the direction data x^^q, y^Q, and d^^ which 
the proximate ninutia M^^ of the first quadrant has relative 
to the i-th Binutia used as the reference Binutia, 

Aaong the overall ainutia data of the iO*th ninutia 
\o' position and the direction data Xj^q, Yj^q, and D^^ are 
supplied directly to X, Y, and D subtracters I38X, I38Y, and 
I38D which are also supplied with the contents of the registers 
135* s. The subtracters 138's calculate Xt and D differences 
(Xj^Q - Xj^)» (Y^Q - Yj^), and (D^q - D^). The content.:of the D 
register I35D is supplied also to an ROM 139 • siailar to the 
RON 94 (Fig. 13)9 for producing values cosD^ and sinD^, The 
ROM 139 nay, however, be slBpler than the ROM 9'f because each 
value cosD^ or slnD^ may have a less number of bits. 

The X tod the Y differences are supplied to first and 
second multipliers 1^1 and 142, respectively, to which the value 
cosD^ Is supplied in common. The differences are supplied also 
to third and fourth multiplier l'f3 and IW, to which the value 
slnD^ is supplied in common^ First and second products are delivered 
to an adder 1^ and a subtracter 14? t respectively. Third and 
fourth products are fed to the adder 146 and the subtracter 14? , 
respectively. It is now understood that the elements 135* s, 
138's, 139, 141 through 144, 1^, and 14? are for carrying out 
the forward transformation of the principal coordinate system 
for the search fingerprint to a local coordinate system for the 
1-th minutia M^. The adder 146, the subtracter 14?. and the 
D subtracter I38D are for making the output data signal I36 Include 
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the position and the direction data x^^q. y^^. and d^^ which the 
proxl»ate iainutia M^^^ has in the local coordinate eysten. 

Thereafter, the controller 129 again produces the directive 
signal DIR to make the shift register 134 send the next following 
proaciaate minutia nuaber M^^ back to the controller 129 and the 
ridge count as a part of the output data signal 136. The 
second address signal I3? is now aade to represent the row address 
for the 1-th minutia M^^ and the colunn address for the ridge 
count Rj^j^ and the position and the direction data x^, j^^, and 
d^. The Input data signal I32 supplies the position and the 
direction data X^^, X^^, and D^^^ of the il-th Binutia to 
the subtracters 138*3, The coordinate transfor«ation is again 
carried out to aake the output data signal 136 include the position 
and the direction data x^^, y^^, and d^^ as another part, 

processes described above in connection with the 
proximate minutiae M^^, and are repeated for the other proximate 
minutiae H^^ and M^^ to complete the relation linking operation 
for the i-th minutia M^, Vfhen the processes are carried out 
for the last minutia of the search fingerprint, the controller 
20 129 supplies the minutia memory 12? (Plg, I7) with a transfer 
signal 11*9 for the purpose which will shortly be described. 
The relation linking unit 126 subsequently repeats the relation 
linking operation as regards the minutiae through of the 
file fingerprint (the suffix z used for the file fingerprint 
25 being generally greater than the suffix a for the search fingerprint 
as pointed out heretobeforo). 

Turning to Pig. 20, the minutia memory 12? (Fig, 17) 
comprises first and second buffer memories I5I and I52, each 
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having aenory sectors accessible by the second address signal 
137 Indicative of the reference nlnutla nwbers, euch as M^. 
Each neoiory sector has fields having eolusn addresses accessed 
also by the second address signal 137* 

Each of search and file nlnutla Mftories I53 and 15^^ 
also has nemory sectors accessible by the address signal I37 
to store the overall relation data as exeApllfled In Fig. 18* 

As described heretobef ore , the output data signal I36 
produced by the relation linking unit 126 for the 1-th nlnutla 
M^, represents at first the nlnutla data of the nlnutla 
Later» the data signal 146 repeatedly produced for each proxlnate 
nlnutla M^^^ of the 1-th nlnutla M^^, represents the ridge coimt 
^Ir ^^^^^^^ '^^^ ^"^^ Ir-th proxlnate nlnutlae and 

\r ^^^^ position and the direction data x^, y^^» and 
dj^^ of the* proxlnate nlnutla M^^ as regards the local coordinate 
systen defined for the 1-th nlnutla 

The. data represented by the output data signal I36 
are successively stored by the second address signal I37 In the 
respective fields of the nenory sector for the 1-th nlnutla M^^ 
in one of the first and the second buffer nenorles I5I and* 152 
that Is rendered enpty as will presently becone clear. Merely 
for clarity of description, let the first buffer nenory I51 be 
enpty for the tine being. The overall relation data obtained 
for the nlnutlae through of the search fingerprint, are 
thus stored in the first buffer nenory I5I. At this Instant, 
the central controller 129 (Fig. I9) produces the transfer signal 
1^ as described beiore. The transfer signal 1^ is for novlng 
the overall relation data fron the first buffer nenory I5I to 
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the search mlnutla Keaory I53, The first buffer Besory I51 la 
thus rendered eapty. 

During transfer of the overall relation data for the 
search fingerprint by the transfer signal lii9 and the second 
address signal I37, the relation linking unit 126 successively 
produces the overall relation data for the file fingerprint. 
According to the assunption described above, the second buffer 
memory 152 is rendered empty already before, beginning of the 
relation linking operation for the file fingerprint. The overall 
relation data are therefore stored in the second buffer semory 
152. The transfer signal IH^ produced subsequent to completion 
of the relatlon_linklng operation for the file fingerprint, is 
for moving the overaU relation data from the second buffer semory 
152 to the file mlnutla memory 15k and for eventually rendering 
the second- buffer memory I52 empty. 

As described before, a great number of file fingerprints 
must be checked for each search fingerprint. While the overall 
relation data are moved from the second buffer memory I52 to 
the file mlnutla memory 15k, the relation linking operation is 
carried out for a second one of the file fingerprints. The overaU 
relation data for the second f Ue fingerprint are stored in the 
first buffer memory I5I, 

As Hill later be described, the overall relation data 
previously stored in the file mlnutla memory 15^ are successively 
supplied to the pair detecting unit 128 (jlg. 27). The file 
mlnutla memory 15k is thereby rendered empty. Ohe overaU relation 
data for the second file fingerprint are therefore moved from 
the first buffer memory I5I to the file mlnutla memory I54 by 
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the transfer signal 1^. 

It Is now understood that the transfer signal 1^ Is 
for the search ninutia Aesory 153 &t first and then repeatedly 
for the file ninutia aettory 154, In this Banner, the first and 
5 the second buffer nenories I5I and I32 are altematingly used 
in loading the file minutia aeaory 154 with the overall relation 
data of the successive ones of the file fingerprints. Meanwhile , 
the search minutia nenory 153 keeps the overall relation data 
for each search fingerprint. After the overall relation data 

10 of all file fingerprints are used by the pair detecting unit 
128, it is possible to use the search sinutia aemory I53 for 
the overall relation data of another search fingerprint. 

Referring to flg« 21 9 an exanple of the pair detecting 
unit 128 (Fig, 17) conprises a local controller 159, £ach tiae 

15 when the fJLle fingerprint data (overall relation data of one 

file fingerprint) are stored in the file oinutia i»eaory I53 (Fig. 
20) with the search fingerprint data kept in the search ainutia 
aeaozy I53, the central controller 129 (Fig. 19 ) produces a coasand 
signal 161 (also in Fig. 1?). Supplied with the coaaand signal 

20 161, the local controller 159 delivers an address signal 162 
(also in Figs. 1? and 20) to the search and the fine ainutia 
aeaories I53 and 15^, The controller 159 furtheraore sends a 
selection signal SEL to a thershold generator I63. 

In each of the ainutia aeaories 153 15^^* the address 

25 signal 162 accesses at first the aeaory sector for the seroth 

ainutia H^, In each aeaory sector, the address signal l62 specifies 
the coluan address for the ainutia data at first and then successively 
the coluan addresses for the respective proxiaate ainutiae. 
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Thereafter, the address signal 162 similarly acoesses the aeaory 
sectors for the successive file (fingerprint) adnutiae while 
accessing the zeroth search ainutia Hq, Subsequently, the address 
signal 162 likewise accesses toe next search ainutla and the 
5 successive file ainutiae. Let it now be assused that the address 
signal 162 accesses the i-th search ainutia M^^g and the J-th 
file minutia Mjp, The ainutia nuabers and Mjy are retained 
Jn the controller I59 for the purpose which will iter becoae 
clear. 

10 While each coluan Address for the ainutia data is specified 

by the address signal l62, the selection signal SESL aakes the 

threshold generator I63 produce' coarse thresholds T , T T 

C X Y 

and Tj, which will presently becoae clear. Hhile the ooluan address 
for each proxiaate ainutia is specified, the selection signal 

15 SEL aakes the threshold generator I63 produce other coarse thresholds 
V 'x* ^y' V 

Responsive to the address signal I62, the search and 
the file ainutia aeaories 153 and I54 supply data signals l6l* 
and 165 (also in Pigs. 1? and 20) to B, X, X, and D subtracters 

20 I66B, 166X, l66y, and I66D, each being for calculating the absolute 
value of a difference between the data represented by the data 
signals iSk and I65. Ihe absolute values are delivered to R, 
X. Y, and D comparators I67R, I67X, l67y, and I67D for comparing 
the absolute values with the respective (coarse) thresholds as 

25 will be described In the following, 

if 

At the outset, the R subtracter I66R is for the concentrations 
°1S ^JF" ^® subtractoBs 166 's are for the position 

and the direction data of the search and the file minutiae. 
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>(5) 



The coBparators 167-^^ supply an AND circuit l68 with logic one 
aignals if i 

and iDj^g - Djpl ^ Tj,. 

The AKD circuit l68 aends an output signal to the controller 
159 only when the logic one signals are ssqpplied thereto froa 
all comi)arator8 16?' a. Besponaive to the output signal, the 
controller 159 senda a directive signal DIE to rest first and 
second coiuiters 171 and 172 to sero. Fortheraore, the controller 
159 aakes the address signal l62 specify the coluan cuidress for 
the f oreaost proxiaate ainutia in each aeaory aector as briefly 
described before. 

The R subtractor 166R* is now for the ridge counts H^^^g 

and B. As described hereinabove and will shortly becoAe clearer » 

J" 

the ridge counts Rj^^g and Hj^p arepresented by the respective 
data signals 16^^ and l65 are supplied also to a code detector 
173 f o^r detecting if the specific code is present instead of 
the ridge count Rj^^g or Hj^y, The AKD circuit l63 delivers the 
output signal to the controller 159 only if i 



and 



Id 



irS " ^ixF 



irS ' ^jrp' - ^y' 



IrS " *JrF 



(6) 



Responsive to this output signal, the controller 159 
sends a count signal CTR to the second counter 172 to add one 
to Its content. If the specific code is detected instead of 
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at least one of the ridge counts H^^g and R^^j., the cod? detector 
173 sends a detection signal DBT to the first counter I7I and 
also to the controller 159. Ihe detection signal DBT adds one 
to the content of the first counter I71 and prevents the controller 
5 159 froa producing the count .Signal -eH irrespective of the output 
signal of the AND circuit I68, 

The content of the first counter I7I is supplied to 
the threshold generator I63, which produces a threshold corresponding 
to the nufflber of specific codes. Hie threshold is delivered 

10 to a comparator 174 for comparison with the count of the second 
counter 172, When the count of the second counter I72 is equal 
to or greater than the threshold, the coaparator 174 supplies 
the controller 159 with a siailarity signal indicative of a local 
siailarity between the ainutiae M^^g and M^j,, 

^5 Responsive to the siailarity signal, the controller 

159 supplies the sequence controller 69 (Jlg. 6) with an address 
signal 176 (also in Pig. 17) representative of the search and 
the file ainutla nuabers M^g and M^p retained therein. The controller 
159 furthermore supplies the sequence controller 69 with a data 

20 signal 177 representative pf the local siailarity represented 

by the similarity signal. Heanwhlle the controller I59 aay keep 
the address signal l62 indicative of the row addresses for the 
minutiae M^g ^'^'^.'^^p »sJts the minutia memories I53 and 15k 
(Fig. 20) produce the data signals 16** and I65 (collectively 

25 denoted by I78 in fig. I7). Moreover, the controller I59 delivers 

an instruction signal I79 (also in Fig. I7) to the sequence controller 
69. Thereafter, the controller 159 makes the address signal 
162 indicate a next one of the search minutiae and successively 
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and successively the seroth throu^^the e-th file alnutlae. 

It will now be understood that the order of the nlnutlae 
\s ^JF ^^^^ff^^^®^ address signal 162 need not be 

as described above. The alnutla aeaory 127 way not be an independent 
5 unit but nay be a part of the relation linking unit 126 or of 
the pair detecting unit 128. 

(5) Modifications of Pair Detection 
As will presently be described sore in detail » a certain 
amount of error is unavoidable between the principal coordinate 

10 systea selected for each file fingerprint and the central coordinate 
systea into which the principal coordinate systea for each search 
fingerprint is forwardly transfoned. This is also the case 
even when the principal coordinate systea for the file fingerprint 
is forwardly transformed to provide a aatch with the principal 

15 coordinate- systea for each search fingerprint. 

The error between the origins of the principal and 
the central coordinate systeas equally affects the position and 
the direction data of a ainutia near to each origin and the data 
of a minutia reacts therefroa. It is therefore possible to cover 

20 the error by the thresholds T^^, T^, and Tp and T^t T^, and T^. 
The error resulting from the direction of the coordinate axis, 
however, grows greater for reaoter ainutiae. If the thresholds 
are selected to cover the greater error » the accuracy of the 
pair detection degrades for nearer ainutiae. 

25 Referring to Pig. 22, a aodiflcation of the pair detecting 

unit 128 (Figs, 17 and 21 ) is for raising the accuracy. For 
use as a part of the pair detecting unit 128 Illustrated with 
reference to Fig. 21, a threshold selector l8l is supplied with 
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the data signal 16^» suocesslvely representative of cotfjlnations 
of the position data X.g and Y^g and the position data x, , and 
^irS (collectively denoted by X and Y). On the other hand, the 
position data X and Y and the position data X' and Y' (x and 
^jP ^^'^ ^dxF yjrP^ supplied to search and file selectors 
182 and I83. The local controller I59 (fig. 21) selects one 
of the coBbination X and X' and the coinbinatlon Y and Y' at 
first and then the other. The selected combination X and X' 
or Y and Y' is supplied to a subtracter 184 and thence to an 
absolute value circuit I85, nhich supplies a comparator 186 
with |X - X*| or fY - Y'|. 

In the threshold selector 181. the position data X 
and Y are deUvered to X and Y absolute value circuits I91 and 
192. The absolute values produced by the absolute value circuits 
191 and 192 are fed to a selector I93 and furthermore compared 
Kith each other by a comparator 194. Supplied with the greater 
absolute value, the threshold generator I63 (corresponding to 
that described in conjunction with Pig. 21) produces the threshold 
T or t and Tjj or T^, 

A combination of the subtractor 184 and the absolute 
value circuit I85 correspond to a combination of the subtracters 
166X and I66Y. The comparator 186 corresponds to a combination 
of the comparators I67X and 1$7Y. Ihe threshold T is for use 
as either of the thresholds T^^ and T^ and the threshold t, as 

either of T and T . 

* y 

Referring now to Pig. 23. the reUtlon data ai« substantially 
independent of the principal coordinate eyste. as pointed out 
hereinabove. The error error between the principal cooidlnate 
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systens, however , results in an error between the local coordinate 
systens which are defined for a search and a file ninittia. An 
i-th winutia M^^ of a file fingerprint of a certain finger will 
be taken into considention.as a reference minutla* According 
5 to an x-y local coordinate systea based on the principal coordinate 
systen, the reference alnutia has proxinate Minutiae M^^ as 
exesrplif ied in Fig. The proxinate ainutiae will now be called 
primary proxinate minutiae and represented by K^^, Hj^^, H^, 
and Mj^j^ as depicted in Pig. 23. The primary proximate minuti£.d 

10 will either singly or collectively denoted by Mj^j^, 

A search fingesrprint of the finger under consideration 
is printed on different conditions as described heretobefore« 
It is very likely that a different principal coordinate system 
is selected for the search fingerprint. Sven thou£^ transformed 

15 from the different principal coordinate system. with best care, 
the central coordinate system may have a difference from the 
principal coordinate system selected for the file fingerprint. 

Let the minutia in question in the search fingerprint 
be numbered also as the i-th minutia M^^ for bMvity of description, 

20 In the illustrated example, an x***y* local coordinate system 

is based on the central coordinate system. The proximate minutia 

is remoter than the minutia M.^ in the first quadrant of 
Ig *a 

the local x'-y' coordinate system and is therefore not found 
as a primary proximate minutia. Instead, ahother minutia 
25 is found as a primary proximate minutia in the fourth quadrant. 
This again results in a reduction in the accuracy. 

Bef erring to Fig. 2U, a modification of the pair detection 
circuit 77 (Fig. 6) is effective In raising the accuracy. The 
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circuit 77 comprises a composite, relation linking unit I96, a 
composite »inuti& memory 197. and a composite pair detecting 
unit 198, all Biailar to the corresponding units 126 through 
128 described in conjunction with Pigs. I7 through 21. Incidentally, 
5 it Kill be assumed that the ainutla list memory 71 (Fig. 6) is 
already loaded with the ainutia data and the fundamental relation 
data of both a search fingerprint and one file fingerprint in 
the manner exemplified in Fig, 14, 

Turning back to Pig, 23, the x-y coordinate oystem 
10 having the local origin at a reference ainutla vlll now be 
called a primary coordinate system. The relation link data R 
'^ik* ^ik' *ik calculated for the primary proximate minutia 

and shovn in Fig. 18, will be referred to as priwoy relation 
data of the reference minutia \» 

^ *he manner described in connection with the primary 

coordinate system, secondary coordinate systems x -v t ~v 

" e 'e' f 'f • 

■ V^g' V^b ^'h defined to have the respective 
origins at the primary proximate minutiae M^^ and the coordinate 
axes coincident with the direction data d^^ of the primary proximate 

20 minutiae M^. Proximate minutiae M^^^ which are found in relation 
to the secondary coordinates system defined, for each primary 
proximate minutia M^^, will be called secondary proximate minutiae 
of the reference minutia M^^. If a specific minutia proximate 
to one of the primary proximate ainutle M^j^ is coinoident with 

25 the reference minutia or another primary proximate ainutla, 

the specific minutia need not be Included In the secondary proximate 

minutiae. If a secondary proximate minutia found as regards 

a primary proximate minutia n^^, coincides with a secondary proximate 
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minutla resxating fro« another prtAarjr proxlaate Binutla, It 

• • • 

* • 

l8 sufficient to u&e only one of the two as a secondary proximate 
Binutla • 

For the exanple being Illustrated « the secondary proxlaate 
5 minutiae are minutiae M^^q. M^^^. M^^. M^^, M^^^. K^^. M^^^, 

Mj^g2» ^ih2* ^IhJ* * ttinutla yhich Is proximate to the prlaary 
proximate minutla M^^ in the fourth quadrant of the secondary 
coordinate system x^*y^ and which may be selected as a secondary 
proximate minutla Hj^g2* ^® coincident with the primary proximate 
10 minutla M^^» A minutla proximate to the primary proximate mlnutia 
'^le third quadrant to be selected as a secondary proximate 

minutla M^^^-j' coincident with the reference minutla Mj^, A 
minutla to be selected as a secondary, proximate minutla 
in the secondary coordinate system x^-y^p Is already selected 
^5 as the secondary proximate minutla M^^^-j^. The secondary proximate 

minutiae selected in this manner » will either singly or collectively 
be denoted by M^j^. 

It is already described that the primary proximate 
minutiae have the primary relation data of the minutla M^^^ 
20 namely, the ridge counts H^^j^ relative to the reference minutla 
and the position and the direction data x^^j^, y^j^. and A^^ 
as regards the primary coordinate system having the local origin 

at the minutla H^, Likewise, each secondaxy proximate mlnutia 

k k k 

**ikr position and direction data x^^j^ , ^ikr » ^ikr 

25 as regards the secondary coordinate system Xj^-yj^ having the origin 
at each primary proximate mlnutia M^^j^ and a ridge count R^j^ 
between the secondary proximate minutla M^^j^ and the primary 
proximate minutla H^j^, 
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Each primary proximate minutia M^^j^, although so named, 

in an ik-th minutia. The ridge count and the position and the 

direction data which the secondary poroximate minutiae have 

ikr 

relative to the primary proximate minutia M^, are therefore 
5 readily obtained by the relation linking unit 126 illustrated 
with reference to Fig. 19 with reference to the minutia list 
memory ?! (Pig. 6) loaded with the minutia and the fundamental 
relation data of the ik-th minutia K^^ as exemplified In Pig. 
14. 

10 1^ is. however, desirable for use in the pair detection 

that the ridge count should be the number of ridges between the 

reference minutia M. and each secondary proxlsate minutia M 

^ ikr* 

Furthermore, the position and the direction data should be given 
in direct relation to the primary coordinate system having the 
15 local origin at the reference minutia M^. The latter ridge counts 
and position and direction data for all secondary proximate minutiae 
of the reference minutia' M^^ will be called secondary reiatitfti 
data of the reference minutia M^^, The secondary relation data 
of either one or all of the secondary proximate minutiae M 

ikr 

20 will now be denoted by r^j^. x^^. y^^, and d^j^. 

Like the primary proximate minutia M^j^, each secondary 
proximate minutia M^^^^ ia an ikr-th minutia. It is therefore 
possible to readily obtain the position and the direction data 
''ikr* ^ikr* ^ikr "sing the relation linking unit 126 exemplified 

25 in Pig, 19 and by giving the translation components x and >^ and 
the angle of rotation, 0 the position and the direction data X^, 
Yj^, and of the reference minutia M^^ rather than the position 
and the direction data X^j^, Y^j^, and U^^^ of each primary proximate 
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■Inutia Hj^j^. 

Aa for the ridge count ^r^j^t attention should be directed 

to the fact that each secondary proximate alnutie is remoter 

from the reference minutia than the primary proxiaate minutia 

5 Hj^^ for the secondary proximate minutia M^j^ under consideration 

in that quadrant of the primary corardinate system in Which the 

primary proximate minutia is present, Ihe ridge count r^^j^ 

is therefore readily calculated by using the ridge counts R^j^ 

and Rj^jQ.*^* ^« ridge count B^j^ is given in the minutia list 

10 memory 71 (Jlg. 6) for the reference minutia The other ridge 
k 

count Rj^]Q. is Also given in the minutia list memory 71 for the 
ik-th minutia M^, j^. 

Turning to Fig, 25 • the composite minutia memory I97 
is for storing a sequence of the minutia data of each minutia 

15 and the, primary and the secondary relation data thereof for 

the search f iniserprint and one file fingerprint at a time« The 
sequence will be called composite relation link data. 

Referring to FLg. Zk once again, the composite relation 
linking unit I96 is for calculating the composite relation link 

20 data of each minutia of the search or the file fingerprint 
for storage in the composite minutia memoxy 197 &a exemplified 
in Fig. 25. An example of the composite relation linking unit 
196 comprises a ridge count xregister 201 and a ridge count calculator 
202 in addition to the circuitry illustrated with reference to 

25 Fig, 19 p The ridge count register and calculator 201 and 202 
will presently be described more in detail « The signals used 
for and in the pair detection circuit 77 wil be called as before 
and designated by like reference numerals although there are 
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certain differences between the 8j,gnal8 being used and the previously 
described signals as will shortly become clear. 

Turning back to Pig. 19, the illustrated relation linking 
unit 126 carries out the relation linking operation also in the 
composite relation linking unit I96 (fig. 24) as described heretobefor» 
until the fundamental relation data R^j^ and M^,^ of the i-th minutia 

are suppplied as the input data signal I32 from the minutia 
list memory 7I (fig. 6, 7IS or 7IF) accessed by the first address 
signal 131 indicative of the minutia number M^. The output data 
signal 136, the second address signal 137, and the transfer signal 
1^ are delivered towards the composite minutia memory I97 instead 
of the minutia memory 127 (Figs, I7 and 20), 

Before delivery of the foremost primary proximate minutia 
\^ back to the central controller 129 from the shift register 
15 134, the ridge count B^^^ produced from the shift register I34 
and included in the output data signal 136, is fed also to the 
ridge count register 201 (Fig. 24) and stored therein. When 
the ie-th minutia M^^ is indicated by the first address signal 
131 instead of the i-th minutia M^, the controller I29 retains 
20 the reference minutia number K^, The fundamental relation data 

^ieO' \eO* ••»» ^ie3» "163 °^ te-th minutia M^^, 

namely the primary proximate minutia M^^, are included in the 
input data signal I32 and stored in the ahilt register I34 in 
the shift register stages next following the stage to which the 
25 last datum K^^ of the previously stored fundamental relation 

data of the i-th minutia is shifted. The controller 129 retains 

also the primary proximate minutia number M . 

ie 
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Having cBBfied .Aut the relation linking operation of 

the prlnary relation data as regaxda the prlmaxy proxlsate nlnutla 
^ie* controller 129 srecelvvs the next following priaary prooclmate 
nlnutla nuffiber froB the shift register IJk to aake the first 

5 address signal I3I specify the If-th ainutia H^^ as described 
hereinabove. The controller 129 retains the nlnutla number M^^. 

In this nannerp the controller 129 retains for each 
reference nlnutla M^, the reference nlnutla nunber and the 
primary proxinate nlnutla numbers M^j^« The ridge count register 

10 201 keeps the ridge counts R^, The registers 135* b still keep 

the position and the direction data X^, and of the reference 
nlnutla 

After the prinary pelntiot .data 6f .the reference ninutia 
are stored in the oonposlte ninutia nenory 19? » the controller 

15 129 receives the forenost secondary proximate ninutia number, 
such as N^^Qi fton the shift register 13^ and conpares the saae 
with the ninutia nunbers and retained thezrein. If different » 
the controller 129 holds the ninutia nuober M^^q and nakes the 
first address signal I3I specify the ieO-th ninutia K^^^ and 

20 the second address signal 137 indicate the row address of the 
reference nlnutla and the colunn address for the ridge count 
^^^Q And the position and the direction data x^^q» yj^^Qi ^d 

*ie0- 

In the neantine, the controller 129 nakes the ridge 
25 count register 201 supply the ridge count Rj^j^ to the ridge count 
calculator 202 and the shift register IJk deliver the ridge count 
R^^Q also to the ridge coimt calculator 202, The ridge count 
calculator 202 produces the ridge count r^^j^ as a part of the 
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output data signal I36. 

The position and the direction data X. ^. f and 

ieO' 'ieO* ^ 

BieO °o»P^«ed by the input data signal I32 are delivered directly 
to the subtracters 138'b, The adder l^f6, the subtracter 14?, 
and the D subtracter I38D produce the position and direction 

^ieO' ^leO' ^ieO " another part of the output data 
signal 136. 

Subsequently, the controller 129 receives the next 
following secondary prfixiaate ainutia number, such as the lel-th 
ainutia number H^^^, If the ninutia number M^^j^ is different 
' from the reference minutia number M^^, the primary proximate ainutia 
numbers M^^j^, and the already retained secondary proximate minutia 
number or numbers, such as M^^^, the above-described processes 
are repeated. If the secondary proximate minutia number being 
15 supplied, Js equal to one of the reference, the primary proximate, 
and the already stored secondary proximate minutia numbers, the 
controller 129 at once receives the next following secondary 
proximate minutia number from the shift register IJk, in this 
manner, the secondary relation data of the reference minutia 
20 are stored in the composite ainutia memoxy I97, 

Biereafter, the controller 129 makes the first address 
signal 131 indicate the next following reference minutia number, 
clearing the ridge count register 201. The shift register I34 
ts already rendered empty. After the composite reUtion data 
25 of the last reference minutia are stored in the (buffer memory 
151 or 152 of the) composite minutia memory I97, the controller 
129 produces the transfer signal Ik^, 
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Referring to Fig. 21 again, the exemplified pair detecting 
unit 126 serves well as an exa&ple of the eonposlte pair detecting 
unit 198 If the local controller 159 Is sll^tly modified. More 
specifically, attention will be directed to the Instant at which 
5 comparison of Formulae (5} comes to an end for the foremost primary 

proximate minutiae M^^^g and M^^p in the search and the file fingerprints 
with the second counter 172 renewed to a certain count. The 
controller 159 ^oes not thereafter makes the address signal 162 
immediately indicate the next following primary proximate minutlu.e 
10 of the search and the file fingerprints but access . while keeping 
access to the data Hj^^3f ^c^^^g, Xj^eS* *leS' ®^^®ss^^®ly "to 
the secondary proximate mlnutla data ^^^^^9 *ierF* ^lerF* ^ 
^lerF' 

If the specific code is detected by the code detector 
15 173 in place of any one of the ridge counts T^^^^^f the first 
counter 171 is counted up. The second counter 172 is counted 
up by the output signal which the AND circuit I68 produces when 2 

'^leS ' ^jerr' = ^r' 
'^ieS ^jerpl ^ 

20 jyj^^s - y^^ypl -i T^, 

The controller 159 thereafter makes the address signal 
162 Indicate each of the primary proximate minutiae ^^^^q &nd 
successively the foremost primary proxlnate mlnutla Mj^p and 
25 the secondary proximate minutiae Mj^^p, After access to the 

last combination of the secondary proximate minutiae H^^^^g and 
'^JerF* Address signal 162 is made to access the next primary 
proximate minutiae ^^^^ ''jfF* 
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(6) Fair Candidate List 

Referring to Fig, 26, an exanple of the pair candidate 

list memory 73 (Flg» 6) has 6lxty-*four row addresses accessible 

by the address signal 176 (figs* 17 arid 2l) representative of * 

the respective search minutiae Mg throu^ (or M^^^* memory 

73 has sixteen column addresses assigned to the file mlnutla 

numbers Mj (O through 15) which are represented also by the address 

signal 176 and are selected from the file mlnutla numbers Mq 

through (for example, NLj^^^) rearranged as follows, 

A pair candidate list Is formed in the memory 73 at 

a fourth step A^^ shown in Fig. 9, Each entry specified by a 

search mlnutla number and one of rearranged file mlnutla numbers 

has a pair candidate field M^j and a wel^t field V^^. The 

local similarities represented by the data signal I77 (Figs, 17 

and 21) between each search mlnutla N^g and the selected file 

minutiae (pairs in fact) H^^ Indicated by the address signal 

176 are compared with one another by the sequence controller 

69 (Fig, 6) or elsewhere. The file minutia numbers H.« are thereby 

rearranged in the descending order of the local similarity. 

The column addresses are accessed in this descending order. 

For example, the zeroth column M^^^ of the row address accessible 

by the search mlnutla number N^, is for a file mlnutla having 

the highest local similarity with the search minutia M.„, 

io 

The local similarity, now called a wel^t W^j, is stored 
in the weight field Wj^j. When only one file minutia is found 
for the search minutia during the pair detection as a single 
pair, data are stored in only the zeroth column. As a coneequence, 
each row address nay be loaded with the data only to a certain 
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coluan address depending on^the threshold supplied to the coaparator 
I6k (Fig, 21). A specific nark Is stored In the weight field 
V^j of the next following enpty colunn address. It Is possible 
to xinderstand that a alnutla nuAber of the file fingerprint Is 
stored In the coluan address In idilch the specific nark Is stored 
In place of the weight and consequently that each row addxress 
for a search mlnutla M^g Is loaded with a plxrrallty of file minutiae 
which are found to be in pairs with the search nlnutla Vl^^. 
(7) Amounts of Coordinate Adjustment 
As described above, the pair candidate list memory 
73 (Fig8* 6 formed by detecting the mlnutla pairs 

based on the relatively coarse quantisation step* Bach search 
mlnutla is related In the pair candidate list memory 73 to at 
least one file mlnutla In the descending order of the local similarity 
or welf^it V^y The pair candidate list memory 73 is useful on 
more precisely matching the principal coordinate syBtem selected 
for the search fingerprint with the principal coordinate system 
of each file fingerprint by deciding a set of optimum amounts 
of coordinate adjustment for the principal coordinate systems. 
It will be assumed that the principal coordinate system of the 
search fingerprint should be more precisely matched to the principal 
coordinate system of a file fingerprint • 

Referring to Pig. 27 f an example of the ^coordinate) 
adjustment amount deciding circuit 99 (Fig. 6) Is for rapidly 
and reliably deciding the optimum amounts as shown at a fifth 
step A^ in Fig. 9, Decision of the optimum adjustment amounts 
is carried out by referring to the exemplified pair candidate 
list memory 73 (Fig. 26) and to either the minutia memory 127 
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(Figs. 17 and 20) or more preferably back to the minutl* list 
memory 71 which may be loaded with the iwecise data as exemplified 
in Fig, 10. 

Each aet of ad^ystment amounts consists of k pair of 
5 translation components and an angle of rotation, which will now 
be denoted again hy x and. ^ and afresh by nf«' . It is to be noted 
that the angle fi' represents a preselected unit angle and that 
the letter n, an Integer. 

At the outset, the principal coordinate plane of the 

10 search fingerprint is rotated by an angle nfS' into a cooxditote 
system, which will be called a search coordinate system. Let 
the position data X^^ and of a search minutia be forward 
transformed by the rotation of the principal coordinate plane 
to a temporary set of position data X^^ and Y^^. Let one of 

15 the file minutiae that is given in the pair candidate list memory 
73 I be the j-th minutia Mjp. The position data of the minutia 
Mjy will be designated by and Y^^y which may be read from 
the file minutia memory 71P of the minutia list memory 71, a 
pair of differences x' and y' are calculated byi 

•flje exemplified adjustment amount deciding circuit 
78 comprises a difference coordinate plane memory 211 representative 
of a difference coordinate plane (denoted also by the reference 
25 numeral 211 ) which will shortly be described more in detail. 

The circuit 78 forms a weight map on the difference coordinate 
plane 211 as will be described in the following. 
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Turning to Fig. 26, an exanple of the difference coordinate 

plane memory 211 has abscissa address accessible by the difference 

X* and ordinate address accessible by the difference y*. An 

address si>ecified by a combination of the differences x' and 

5 y* will be called a coordinate address. It is assumed that each 

difference x' or y« is from minus 8 up to plus 7f both Inclusive. 

Referring to Fig. 29 in addition to Jig. 27, the control 

memory 75 (Fig. 6) specifies a search mlnutia to read the 

precise positon and direction data X^^, Yj^, and directly from 

10 the mlnutia list memory 71. ^ will later become clear, let 

the amounts of adjustment x*. y* , and n^^ be provisionally selected 

and stored by the control memory* 75 i» Ihe registers 91 throu^ 

93 (Fig, 13) of the exemplified coordinate transforming circuit * 

72. For the time being, «ero is used at a first. 6tep as x' 

15 and y' which are provisionally selected as the translation components 

X and jr. The (precise) position and direction data read out 

■ * of the mlnutia list memory 71 are transformed by the coordinate 

transforming circuit 72 into the search position and direction 

data Xgj^, Ygj^, and t^^. Incidentally, the ROM 94 produces the 

20 values cos(n0') and sin(npJ*). " 

Subsequently, the control memory 75 accesses the row 

address allotted in the pair candidate list memory 73 to the 

search mlnutia H. « and a certain column address to find a file 

mlnutia Hjp which provides a pair with the search mlnutia M^^g. 

25 The (precise) position and direction data of the file mlnutia 

Hjp are read directly from the mlnutia list memory 71 as 

y and D ... Differences x* , y', and d* are calculated according 
mij mlj 

to Equations (8) and tot 



0098152 



61 

The control meaory 75 supplies the differences x' and 
y' to X and Y input terainale Xj and Yj and also a control elgnal 
to a control input terminal Cj. When the control signal takes 
5 a binary one value, X and Y selectors 212 and 213 supply the 

differences x' and y« to the difference coordinate plane neaory 
211. The contents of a coordinate address specified by the differences 
X' and y* in the aeaory 211, is supplied to one of two input 
ports of an adder 214. The other input port is supplied vlth 
10 the weight V^^ froa the pair candidate list aeaory 73 through 
a weight input teroinal W^. The sua calculated by the adder 
Zlk is stored in the coordinate address being accessed. 

In this Banner, the weights V^^ are accuaulated on 
the difference coordinate plane 211 according to the differences 
15 x' and y' to provide the weight aap. The weights V.. accuaulated 
on the respective coordinate addresses are dependent on the angle 
of rotation n^' , Incidentally, the exeaplified abscissa and 
ordinate addresses are relatively coarsely quantised although 
the position and the direction data X^^^. X^^y and so forth are 
precise. The access to a coordinate address is therefore carried 
(Dut by using only four consecutive aore significant bits of each 
of the row and the column address signals. 

More particularly, the control aeaory 75 initialises 
the contents of the respective coordinate addresses to zero at 
a second step C^. At this instant, the address signal 162 is 
made to indicate the zeroth search ainutia M^j as shown at a third 
step C^. The search position and direction data X j^, Y ^, and 
°ai calculated at a fourth step C^, with the search ainutiae 
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successively specif led. At a fifth step.C^i. the minutia type 
is checked. If the end nark is detected, the weight aap is 
complete. 

If the end nark is not detected at the fifth step 
5 the colimn address is initialised to sero at a sixth step 

The jiali caiiaidaf e list memory 73 is accessed by the row and 
the column addresses at a seventh step C^, The accessed wei^t 
field is checked at an ei^th step Cq whether or not the 
specific mark is present. If the specific mark is detected, 
10 the eighth step Cg returns to the fourth step C^^, 

If the specific feark is not detected at the ei^th 
step Cgp the mlnutia list memory 71 is accessed at a ninth step 
C^. The position and the direction data X^^, ^^j^y 
are read put and used to calculate the differences x\ y' » and 
15 d' according to Equations (8) and (9), The file minutia number 
is incireased by one. 

At a tenth step C^^Qt the differences x* , y* , and d' 
are checked against preselected thresholds t^, t^. and t^. If 
at least one of the differences exceeds the threshold , the tenth 
20 step Cj^Q returns to the seventh step C^, If all differences 

are equal to or less than the respective thresholds » the wei^t 
W. . is added to the content of the coordinate address at an eleventh 
step Cjj^. The steps through C^^^^ or the steps 0^ throuj^ 
and C^^ are repeated. In the wei^t map exemplified in Fig, 28, 
25 the accumulated weights are exemplified by numbers selected froa 
1 through 8. 

Turning to Fig. 30, a factor table 216 is exemplilled 
for use in searching a specific coordinate address at which the 
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accumulated weight is aaxinum. Ttie table 216 Is preferred In 
order to exclude a coordinate address at which the aecuaulated 
weight showa an unduly high value. Ihe table 216 is used as 
will presently be described for each coordinate address of search 
5 and gives factors to be multiplied by the weights accumulated 
on:- nine coordinate addresses which form a nairla of three rows 
and three columns with the coordinate address of search at the 
center. 

Referring to Fig. 3I besides Fig. 2?. an initial value 

10 of aero la set at a first step D^^ in first through third registers 
221, 222, and 223, a maximum register 225, and first and second 
register files 226 and 22?. Another initial value of minus 6 
is set in X and Y registers 228 and 229 to indicate a start point 
of search (the leftmost and lowest coordinate address of the 

15 difference, coordinate plane 211). A binary aero vaise Is gtean 
to the control signal (Cj), responsive to which the selectors 
212 and 213 Jna.Jce the contents of the X and Y registers 228 and 
229 access the weight map and responsive to which the difference 
coordinate plane memory 211 is adapted to read out. 

20 The first register file 226 is fed directly from the 

difference coordinate plane memory 211. The second register 
file 227 is fed from the first register file 226. The register 
files 226 and 22? are accessed by the Y register 229, 

The adjustment amount deciding circuit 78 comprises 

25 first through third seleotore 231, 232, and 233. A timing signal 
input terminal, depicted separately at 23^* and 235, is supplied 
with a timing signal from the control memory 75, The timing 
signal specifies first and second timings and T^ by, for example. 
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logic zero and one values » irespectively. 

A first adder 236 la txnr adding twice -Uie data selected 
"by the second selector 232 and the data selected by the third 
selector 233 » A second adder 237 is for adding the data supplied 
5 from the first adder 236 and the data selected by the first selector 
231 to supply the sum to the first register 221 and also to a 
comparator 238. The sua is furtherrore directed towards the 
BaximuB register 225* 

During the first timing T^^, the registers 221 through 
10 223 are enabled, Purtheraore, the selectors 231 through 233 

are nade to select the data supplied directly froa the difference 
coordinate plane aeaory 211 and the data supplied froa the register 
files 226 and 227, respectively. The following processes are 
therefore carried out concvarently at a second step Dg. 
15 • RKl — DIP(nX, DT) 2rRFl(DY)3 

4 Rre(DY), 

RX2 RKl, 
BK3 — RK2, 
RFl(lJY) <- DIP(DX, DY). 
20 and RF2(DY) — BEL(DY), 

where DX and DY, DIP, RKl through RK3, and RFl and RF2 represent 
contents of the X and Y registers 228 and 229, of the difference 
coordinate plane neaory 211, of the registers 221 through 223. 
and of the register files 226 and 227, respectively. The data 
25 on the right-hand side represent the contents before renewal 
and those on the left-hand side , renewed data. 

During the se»cond timing Tg. the registers 221 throu*;h 
223 are disabled. The selectors 231 throue*x 233 are aade to 
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select the data fed from the registers 221 through 223, respectively. 
As a result, the second adder 237 produces a sua (m -t 2[RK2] 
t RK3). The comparator 238 compares the sun with the content 
(MDIF) of the maximum register 225. If the sun Is less than 
5 the content, the comparator 238 enables an AND circuit 239 for 

the logic one timing signal. An input port of the maximum register 
225 is therefore enabled. The following processes are simultaneously 
carried out at a third step D^, 

MDIF RKl 4 2CRK2] + RK3, 
10 DX' - DX, 

and DY' <- DY, 

Where DX' and DY* represent the contents of X* and V registers 
2'fl and 242. 

Thereafter, the control memory 75 sends another timing 
15 signal to an input terminal 243 to enable inputs to the X and 

Y registers 228 and 229. At a fourth step D^, a first one-adder 
246 adds one in general to the content DI of the Y register 229. 
Only when the content DY represents seven, the one-adder 246 
supplies a carry to a second one-adder 24?, which adds one to 
20 the content DX of the X register 228. When the content DX becomes 
equal to seven, the second one-adder 247 delivers a carry to 
an end output terminal 248. The latter carry is detected by 
the control memory 75 as an end of the search at a fifth step 
D^. Before detection of the latter carry, the processes return 
25 from the fifth step to the second step D^. When the latter 
carry is detected, the contents DX' and DY' are wad out of the 
X' and Y' registers 241 and 242 as the translation components 
X and i at a sixth step D^, 
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In order to facilitate an understanding of the search » 
let It be assumed that the contents DX and Dt of the X and Y 
registers 228 and 229 are for the abscissa addrp^s of 3 and 
the ordinate address of 5 of the difference coordinate plane 
211 exemplified in Fig. 28. During the first timing T^, Formulae 
(10) show that the contents RFl(5)t RF2(5)p and RKl through 
RK3 are equal to DIP(2. 5). DIF(1, 5)t (DIP(3» 5) 2CDIP(2, 5)3 
+ DIP(1, 5)), (DIF(3. ^) 2[DIP(2, if)] 4 DIF(1, 4)) or the content 
HKl which the first register 221 had at the previous instant 
when m wjBequal to and (DIP(3, 5) 2CDIF(2, 3)3 + DIP{l» 
3)) or the content HKl which the first register 221 had at the 
next previous Instant when DY was equal to 3, respectively. 

In the course of the second timing T^f processes are 
carried out according to Formulae (ll). The second adder 23? 
gives a sum which is equal toi 

DIF(3. 5) -t 2[DIF(2, 5)3 DIF(1, 5) 
t 2[DIP(3, ^) ^ 4CDIF(2, 4)3 4 2CdIF(1, 4)] 
+ DIF(3. 3) ^ 2[DIF(2, 3)3 * DIF(1, 3)t (l2) 
which shows that the above-described search is carried out by 
multiplying nine accumulated weights by the factors of the factor 
table 216 (Fig. 30) and by summing up the products. It is to 
be noted in connection with Equation (12) that the greatest factor 
of 4 is multiplied to DIF(2, k), namely, the weight accumulated 
on the coordinate address (2, 4) rather than the coordinate address 
(3t 5) being checked. The coordinate address on which the maximum 
weight la accumulated, is therefore given by (X* - 1, Y" - l). 
The optimum amounts of coordinate adjustment are obtained by 
slternatlngly repeating the above-described accumulation and 
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search. 

Referring afresh to Pig. 32 and again to Pig. 27, the 
working area 7^ (Fig. 6) is for storing the unit angle of rotation 
0* » the integers n, the naxifflua value of the Integer H, an angle 

5 of rotation pJ as will shortly be described, (x' - l) and (y* 
- l) previously obtained from the contents X' and X' of the X' 
and Y' registers 2^*1 and 242, and that content read out of the 
maximum register 225 which will now be called a previous maximum 
and denoted by MDIP' , 

10 At the outset, the control memory 75 sets the unit 

angle and the maximum integer N in the working area at 
a first step E^. The memory 75 gives an initial value of sero 
to the integer n and also to the previous maximum MDIF* at a 
second step E^. 

15 The control memory 75 makes the exemplified adjusting 

amount deciding circuit 78 (Pig. 27) form a weight map at a third 
step and then the search at a fourth step E^. Besponsive 
to the end of search signal, the memory 75 reads the maximum 
register 225 and compares the maximum MDIF with the previous 

20 maximum MDIF' at a fifth step E^, Uhen the read-out maximum 
MDIP is greater than the previous maximum MDIF' , the control 
memory 75 substitutes the former fOr the latter at a sixth step 
E^. Furthermore, the memory 75 reads the X* and Y* registers 
2H1 and Zk2 and substitutes (X' - l) and (Y* - l) for the previously 

25 read-out values in the working area 75 and rewrites the angle 

of rotation ^ by the angle of rotation n^' by which the new maximum 
is obtained. 
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The control aeaory 75 changes the sign of the Integer 
n at a seventh step If the read- out maxlntu HDIF Is equal 
to or less than the previous naxlmui HDIF*, the step Jumps 
to the step E^^ An an eighth step Eg, the aemory 75 checks whether 
or not the new Integer Is equal to or greater than sero. If 
not, the step Eg returns to the step E^. If the new integer 
is equal to or greater than sero, the nenory 75 checks whether 
or not the new integer is equal to the maxisum Integer N at a 
ninth step If not, the aeiaory 75 adds one to the new integer 
at a tenth step E^q and nakes the process return to the second 
step Eg. If the naxiaum integer H is reached, the optiaua aaounts 
are obtained. 

It nay be that the jnaxiauA HDIF eventually obtained 
as a result of the above-described steps, is found at a sixth 
step Ag of- Fig. 9 to be less than a preselected threshold. In 
this event, the control nemory 75 judges that the file fingerprint 
being matched, is different from the search fingerprint. In 
other words, the matching is unsuceesful. The memory 75 suspends 
the matching and informs the matching control device 55 (Fig. 
l) of the fact. Only when the eventually obtained maximum HDIF 
exceeds the threshold, the memory 75 transfers the precise position 
and direction data and so forth from the minutia list memory 
71 (Fig, 6) to the precise matcher 57 (Fig. 2 or 3) throu^ a 
bus 2^9 (Fig. 2) or the buses 6^ and 90 (Fig. 3) at a seventh 
step of Fig. 9. The transfer of the position and direction 
data and the like is preferably carried out with reference to 
the pair candidate list memory 73 and through the coordinate 
transforming circuit 72 in which the optimum amounts of adjustment 
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are set for the forward transfomatlon. 
(8) Precise Matcher 

Referring back to Pig. 7t the first minutia list is 
transferred as a second alnutia list in the second minutia list 
5 memory 81. As will presently become clear, the minutiae used 

in the precise matcher 5? are those listed in the pair candidate 
list memory 73 and the (primary) proximate minutiae of the search 
and the file minutiae given in the pair candidate list. It will 
be assumed for convenience of description that the minutia. list 

10 memory 81 is loaded with the second minutia list in the form 
shOTO in Fig. 18 together with the identification numbers of 
the search and the file fingerprints being dealt with. The pair 
candidate list memory 73 is rendered empty by transfer of the 
pair candidate list provisionally to the pair candidate list 

15 memory 83.- The region pattern list is transferred either from 

the first minutia list memory 71 or directly from the data storing 
device 5k (Fig. l) to the region pattern list memory 87, 

At an eighth step Ag depicted in Fig, 9, the sequence 
controller 79 (Fig. 7) reads the position and the direction data 

20 of the pair candidates from the minutia list memory 8l with reference 
to the pair candidate list memory 83, The read out is carried 
out directly without the use of the coordinate transforming circuit 
B2, This is because the data are stored in the minutia list 
memory 81 with the coordinates optimally matched at the seventh 

25 step A^. The read-out data are checked against thresholds which 
are stricter than those used in Formulae (5), Comparison defined 
by Formulae (6) and (7) is no more necessary. The sequence controller 
79 selects those 01 the pair candidates together with the wel^its, 
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uhieh are within the stricter thresholds. 

Referring now to HLg, 33 1 the selected search Bdnutiae 
will be denoted "by N , The file minutia which is in a stricter 
pair (the stricter pair being possibly still "pairs") with each 

5 selected search minutia N^, will be designated by where f 
represents a strictly selected one of 0 througji c for the file 
fingerprint. The weights which are provisionally moved to the 
pair candidate list memory 83 , remain only for the stricter pairs 
after the eighth step Ag (Fig. 9). 

10 At a ninth step of Fig. 9f the pair candidate list 

memory 83 (Fig. ?) is modified as regards the remaining wei^ts. 
As described above, the proximate minutiae H^^ and M^^^ are stored 
in the minutia list memory 81. 

The sequence controller 79 (Fig. ?) successively accesses 

15 the minutia list memory 81 by the minutia numbers and to 

read the proximate minutia numbers and M^^. The controller 

79 searches the pair candidate list memory 83 for the proximate 

minutiae in the row address assigned to each proximate minutia 
xr 

N , If one is found as depicted at M... (Fig, 33), the file 
sr ^ 

20 minutia H^, is in stricter pair with the proximate search minutia 
being dealt with. The wei^t for the pair N^^ and M^. is 
added to the wei^t for the pair and to provide a modified 
weight for the pair and M^.. 

In each row address of the pair candidate list memory 
25 83, the pairs are rearranged in the descending order of the modified 
weights. The modified weights so rearranged, will be denoted 
by where t represents 0, 1 
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Referring to Fig, 34, the pair list tteoory 86 (Pig, ?) 

comprioes search and file pair list aeaoriea 86s and B^P. The 

search pair list menory 86S has row addresses assigned to (strictly 

selected) search minutiae H^^ throu^ Ng as will presently be 

described. Each rov address has a pair field K^. and an evaluation 

field V„« The file pair list nemory 86F likewise has row addresses 
s 

allotted to (strictly selected) file minutiae M^^ througji M^, 
Each row address has a pair field and an evaluation field 

V 

At a tenth step A^^ of Pig. 9» the pair list memory 

86 is formed as follows. At the outset, the evaluation fields 

and Y*. are initialized to a negative value. The pair candidate 
s X 

list memory 83 is repeatedly scajoned from the row address 

to the row address Mg. Prom the pair (H^, M^^) having the maxirum 

modified wei^t and consequently stored in the seroth column, 

the modified wei^t V^^ is read out. A difference between the 

maximum modified wei^t U^q and the jiext following modified weight 

^sl calculated. 

Reliability of the pair is decided for each pair (N , 

s 

M^q) in consideration of the modified wei^t W^^^ and the difference. 
The pairs of each row address are rearranged in the descending 
order of the reliability. The pairs (N^, M^^) are renumbered 
into pairs (H^, or (N^. M^^), (n^, M^), (n^, M^, 

• • • (the suffix 8 being not necessarily less than the other suffix 
f). The modified weight, now called evaluations , Y , 

JL S 

• ••f V^t are substituted for the negative value in the respective 
evaluation fields V^^, , Y^ The pairs remaining 

in the pair candidate list memory 83 are erased. 
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Turning to Figs. 33 -and yS^ one of proxlaate Alnutlae 

of a search nihutla N (reniimbered) is depicted at N _ together 

o sr 

with a file ndnutla (also zenuabered) In a pair for the search 

mlnutla N In the sanner depicted In Fig. 33. Like the modification 
s 

of the pair candidate list aeaory 83, the pair list neaory 86 

Is modified In a f omer half of an eleventh step illustrative 

of decision of the evaluation In Fig. 9. 

At first, the row address .is checked in the search 
' s 

pair list memory 86S. If the evaluation is positive (not 
the Initial value), the file mlnutla number of the pair is 
read out. The search mlnutla H Is used to access the mlnutla 
list memory 81 (Fig. ?) to read the proximate mlnutla numbers 
H^^, Each proximate minutla N^^ Is used to check the search 
pair list memory 86S whether or not the evaluation field V^^ 
is positive. lif positive » the evaluatlbh T^^^ Is added to the 
evaluation V , The evaluation V is rewritten by the sum, which 

S 8 

will be called a modified evaluation and again denoted by V^. 
The other row adddress of the pair list memory 86 are similarly 
dealt with. 

Further turning to Figs. 37 and 38, a file mlnutla 
M^, is depicted together with a proximate mlnutla H^,.^. The 
proximate minutiae M^,^ are read from the minutla list memory 
81 as before. 

The modification of the pair list memory 86 is followed 
by relaxation of the evaluation in the latter half of the eleventh 
step k^^ of Fig. 9. During modification of the pair list memory 
86, the negative initial value may be read from the evaluation 
field Y«, of the row address for the minutia M^., . The position 
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data of the minutla H^, fixe read directly f^om the slnutla list 

» * 

memory 81 and used to access the region pattern list memory 87, 
If the region pattern list memory 8? Indicates that the minutla 
M^, Is In the unclear area (Plg, 4), the negative Initial value 
Is rewritten In the evaluation field V^, to aero which Is Indicative 
of "don't care," If the minutla M^, Is In the file, fingerprint 
area, the negative initial value is left as it stands. 

The relaxation of the evaluation is carried out also 
for the search minutiae N , In this connection, attention should 
be directed to the facts that the position and the direction 
data of the search minutiae are given by a coordinate system 
into which the principal coordinate system for the search fingerprint 
is f orwaxdly transformed on loading the minutla list memory 81 
by the use of the optimum amounts of coordinate adjustment and 
that the pattern region list of the search fingerprint is given 
in the pattern region list memory 8? by the principal coordinate 
system. The coordinate transforming circuit 82 should therefore 
be used on reading the position data from the minutla list memory 
81 to access the region pattern list memory 8?, For this purpose, 
the registers which correspond to the registers 9I throu^ 93 
in the circuit 82, should preliminarily be loaded with the optinum 
amounts when the fingerprint matching is transferred from the 
leading matcher 56 to the precise matcher 57, A search minutla 
for which the negative initial value is left untouched in the 
evaluation field, will be denoted by K 

s 

The relaxation of the evaluation is continued. The 
ridge count R^.^^ (Fig. 36) which the file minutla M^, has relative 
to each proximate minutla M^,^, is read from the minutla list 
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aenory 81. If the ridge count R^,^ le equal to aero, the minutiae 

M^, and M^,^ are rery closely poaitloned on the file fingerprint 

and will be called close Kinutlae, The direction data D^. and 

^f 'r checked as will shortly be described, whether or not 

the directions D^.^ and D^,^ are opposite to each other. If the 

negative initial value is left also In the evaluation field V^. , 

I r 

the negative initial values are changed in the evaluation fields 
Vj, and Yj»^ to zero indicative of Mon't caire" as before. The 
process is carried out also for the search Binutiae N , . The 

8 

direction data are checked in the Qxeapllfied precise natcher 
57 "by the arithmetic unit 89 under the control of the control 
nemory 85 and in cooperation with the working area Bk^ 

39 exesplifies several combinations of close minutiae 
having opposite directions. It is to be noted that the direction 
of a bifurcation is depicted opposite to that defined in the 
above-referenced Asai Patent. 

Referring to Jig, 40, a direction checking circuit 
is for use in place of the arithmetic unit 89 in solely checking 
the directions. The position and the direction data of the close 
minutiae M^, and H^.,^ or N^, and N^,^ will be denoted merely 
by X, Y; and D and X* » • and D' . A complement calculator 251 
is supplied with the direction datum D' to produce a direction 
datum Dq opposite to the direction D\ namely, a sum of D' and 
7t. The absolute values of differences between X and X* » between 
Y and Y* , and between D and Dq are calculated by absolute difference 
calculators 252, 253. and 25^. A threshold ROM 256 ie for supplying 
comparators 257 » 258 » and 259 with thresholds for comparison 
with the respective absolute values of differences. 
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Attention should be directed to the direction data 

D and b6 that the angle of rt radians nay be given by the 
most significant bit. This Is in order to insure the difference 
(D • Dq) as regards the periodicity of angle. 

A direction RON 261 is accessed by the differences 
(X - X*) and (Y - Y") or by the absolute values of the differences 
and the sign bits of the respective differences. The ROM Z6l 
is prelioinarily loaded with angles 0 (the same syabol being 
again used) given byt 

^ = arctan[(Y' - Y)/(X' - X)]. 

The absolute values of differences between the dlnction 
datum D and the angle ^ and between the direction datum Dq and 
the angle 0 are calculated by additional absolute difference 
calculators 262 and 263, The threshold ROM 256 supplies additional 
comparators 26? and 268 with an additional threshold for comparison 
with the absolute values calculated by the calculators 262 and 
263, Attention should be directed to the facts that each difference 
is nearly equal to aero and that the most significant bit of 
the difference would correspond to 7i/2, 

An AND gate 269 is supplied with the results of comparison 
from the comparators 257 through 259 » 26?, and 268. Only when 
all results show that the absolute values of the differences 
are not greater than the thresholds, the AND gate 269 supplies 
the sequence controller 79 (Plg. ?) with an output signal indicative 
of the fact that the close minutiae have opposite directions. 

Referring to Pig. 41, small circles show file minutiae 
and H^, . Dots show search minutiae H and K , . It may be 

I A S 8 

found that close minutiae do not have opposite directions. In 
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Attention should be directed to the dlreotion data 
D and b6 that the angle of radians nay be given by the 
most significant bit. This is in order to insure the difference 
(D Dq) as regards the periodicity of angle. 

A direction ROM 26l is accessed by the differences 
(X - X*) and (Y - Y') or by the absolute values of the differences 
and the sign bits of the respective differences. The ROM Z6l 
is prelifidnarlly loaded with angles (the saae symbol being 
again used) given byt 

j< r arctan[(y - Y)/(X' - X)]. 

The absolute values of differences between the direction 
datum D and the angle ff and between the direction datum Dq and 
the angle 0 are calculated by additional absolute difference 
calculators 262 and 263. The threshold ROM 256 supplies additional 
comparators 26? and 268 with an additional threshold for comparison 
with the absolute values calculated by the calculators 262 and 
263. Attenjjion should be directed to the facts that each difference 
is nearly equal to zero and that the most significant bit of 
the difference would correspond to 7z/Z. 

An AND gate 269 is supplied with the results of comparison 
from the comparators 257 through 259. 26?, and 268. Only when 
all results show that the absolute values of the differences 
are not greater than the thresholds, the AND gate 269 supplies 
the sequence controller 79 (Fig. ?) with an output signal indicative 
of the fact that the close minutiae have opposite directions. 

Referring to Fig. kl. small circles show file minutiae 

and H^, . Dots show search minutiae N and K , , It may be 
• * s s 

found that close minutiae do not have opposite directions. In 
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under consideration is ready for precise natching for another 
file fingerprint. 

If the match score £ is not less than the threshold ^ 
the identification number of the file fingerprint is stored in 
the candidate fingerprint list memory 88 (Fig, ?) at a fourteenth 
step A^i^ of Fig, 9 together with the match score In a fingerprint 
matching system depicted in Fig, 1 and comprising leading and 
precise matchers, the match scores £ obtained for a search fingerprint 
are compared with one another, . The matching control device 55 
is informed of the identification number of the file fingerprint 
that has the maximum of the match scores The matching control 
device 55 sends the identification number to the data control 
and processing device 53, which produces a result signal indicative 
of the identification data of the file fingerprint , Meanwhile, 
the data of another search fingerprint are transferred to the 
fingerprint matching devices 51*8* 

(lO) Destination Deciding Circuit 
Referring to Pig, 42, an example of the destination 
deciding circuit 6? (Pig, 5) is specifically useful in the fingerprint 
matching device 51 exemplified in Fig, 3 &nd comprises first 
through third decision circuits 271, 272, and 273, The first 
decision circuit 271 is supplied with first through third primary 
busy signals 265, 277 t and 278 which indicate that the first 
through the third leading matchers 56a, 56b, and 56c are busy. 
First and second secondary busy signals 281 and 262 indicative 
of the facts that the first and the second precise matchers 57a 
and 57b are busy, are delivered to the second and the third decision 
circuits 272 and 273 • The third decision circuit 273 produces 
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first through third priaary allowance signals 286 , 287, and 288 
and first and second secondsury allowance signals 291 and 292 " 
which allow transfer of data to the first throu^ the third leading 
satchers 56a, 36b » and 56c and to the first and the second precise 
5 Batchers 57a and 57b t respectively, The^priaary busy and allowance 
signals 276 through 278 and 286 throue^ 288 are transmitted through 
the bus 90 (Figs, 2 and 3). The secondary busy and allowance 
signals 281, 282, 291, and 292 are transnitted through the bus 
64. 

10 When a cosoand indicative of transfer of data froa 

the data storing device 5k (Fig, l) to the leading or the precise 
matchers 56 *s or 57' 8i is supplied thzrou^^ the bus 62, the device 
interface circuit 63, and the control circuit 66, the first decision 
circuit 271 produces first throiiefh third primary decision signals 

15 296, 297 » and 298. According to logic operation, the signals 
296 through 298 are produced when the first throu^ the third 
primary busy signals 276 through 288 are absent, respectively. 

Vhen supplied with first through third transfer request 
signals 3OI, 302, and 3O3 from the first through the third leading 

20 matchers 56* s through the bus 90* the second decision circuit 

272 produces an inhibit signal 309 and first throu^ fifth secondary 
decision signals 311f 312i 313f 3l4r a«i 315. The inhibit signal 
309 Is produced either (l) when at least one of the transfer 
request signals 30I throu^ 303 is pnsent and ftirthermore when 

25 the secondary busy signals 281 and 282 are both present or (2) 
when all transfer request signals 301 throu^ 303 are absent. 
The first secondary decision signal 3II is produced in the presence 
of the first transfer request signal 301. The second secondary 
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decision signal 312 is produced when the second transfer request 
signal 302 is present in the absence of the first transfer request 
signal 301, The third secondary decision signal 313 is produced 
when the third transfer request signal 303 is present in the 
absence of the first and the second transfer request signals 
301 and 302. The fourth and the fifth secondary decision signals 
314 and 315 are produced when at least one of the transfer i«qust 
signals 301 through 303 is present in the absence of the first 
and the second secondary busy signals 281 and 282, respectively. 

First through third AND circuits 316, 317, and 3I8 
are supplied with the inhibit signal 309 in common. Responsive 
to the first through the third primary decision signals 296 through 
29B, the first through the third AND circuits 316 through 318 
produce first through third ternary decision signals 321, 322, 
and 323 1 respectively. Ohe third decision circuit 273 includes 
a flip-floj) (not shown) for selecting either of the first and 
the second precise matchers 57'8 when both are idle. It will 
be assumed that the flip-fl<^ produces first and second Quaternary 
decision signals 326 and 32? (not shown) to select the first 
and the second precise matchers 57'8, respectively. 

The first primary allowance signal 281 is produced 
when at least one of the first secondary and ternary decision 
signals 311 and 321 is present. The second primary allowance 
signal 287 is produced when at least one of the second secondary 
and ternary decision signals 312 and 322 is present. The third 
primary allowance signal 288 is produced when at least one of 
the third secondary and ternary decision signals 313 and 323 
is present. 
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The first secondary allowance signed 291 is produced 
when the -fourth secondary declsl^on signal ^14 is present and 
moreover either vhen the first secondary busy signal 281 is absent 
or when the first quaternary decision signal 316 is present in 
5 the absence of the second secondary busy signal 282. Ihe second 

secondary allowance signal 292 is produced when the fifth secomiary 
decision signal 315 is present and furthermore either when the 
second secondary busy signal 282 is absent or when the second 
quaternary decision signal 32? is present in the absence of the 
10 first secondary busy signal 281, 

(11) Closing Paragraph 

While the preferred ettbodinents of this invention and 
aodlflcations thereof have so far been described with reference 
to the acconpanying drawingSi it will now readily be possible 

15 for one skilled in the art to carxy this invention into effect 

in various other Banners, For exaaple^ nodification of the pair 
candidate list ne»ory 83 and of the pair list ttenoxy 86 should 
preferably be carried out for all conbinations of the proxlDate 
minutiae « The memories, such as the mlnutla memories 153 

20 154, may be loaded with the data in other ways. Attention should 
finally be directed to the fact that it is possible to iarplement 
the sequence controllers 69 and ?9, the pair detecting \mit 128 
or 1989 and the like by microcomputer as will readily be understood 
from the description of operation. 
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CIA IMS 

1. A aethod of deciding a degree of natch between 
a search and a file fingerprint. Including the steps ofi 

selecting principal coordinate systems on the respective 
fingerprints; 

selecting a search and a file fingerprint area where 
minutiae are cleart 

forming a ainutia list showing those original position 
and direction data of the minutiae which are given by the respective 
principal coordinate systems, said minutia list furthermore showing 
those relation data of the minutiae which are substantially independent 
of said principal coordinate systems j and 

selecting pairs of minutiae from the minutiae of the 
respective, fingerprints by comparing the original position and 
direction data given for the respective fingerprints and furthermore 
comparing the relation data given for the respective fingerprints, 
wherein the improvement comprises the steps oft 
forming a pair candidate list which shows said pairs 
of minutiae as pair candidates, respectively} 

deciding optimum amounts by referring to the original 
position and direction data of the minutiae of said pair candidates, 
said optimum amouits being for matching said principal coordinate 
systems with each other, 

transforming the original position and direction data 
given by one of said principal coordinate systems for the minutiae 
of said pair candidates into transformed poeittion and direction 
data given by a transformed coordinate system into which said 
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(ClalB 1 continued) 

one principal eoozdinate systea is txansfoned by said optlmm 
anountst 

fornlng a pair list by referring to said ainutia list, 
said pair candidate list, and said search and said file fingerprint 
areas, said pair list showing precise pairs of ainutiae selected 
from those minutiae of said pair candidates which are present 
in an area common to said search and said file fingerprint areas , 
the minutiae of each precise pair having a precise local similarity 
between the transformed position and direction data and the original 
position and direction data given by the other principal coordinate 
system and between the relation data, said pair list furtheraora 
showing evaluations, each evaliiatlon being representative of 
said local siallarityi and 

deciding said degzree of aatch by using the alnutlae 
of said pair list and by referring to said evaluations. 

Z. A method as claimed in Claim 11 

said mlnutia list forming step Including the steps 

ofi 

selecting those prlmazry local coo3cdinate systems which 
have primary local origins at the respective minutiae i 

selecting those primary proximate minutiae with reference 
to the respective primary local coordinate systems which are 
proximate to the respective local origins i and 

deciding primary data of said primary proxiaate alnutlae 
with reference to the respective priaary ).ocal coordinate systeasi 

wherein said mlnutia list forming step comprises the 

steps of I 



0098152 

83 

(claim 2 continued) . - 

selecting those secondary local coordinate systems 
which have secondary local origins at the respective primary 
proximate minutiae i 

selecting those secondary proximate minutiae with reference 
to the respective secondary local coordinate systems which are 
proximate to the respective secondary local origins i 

deciding secondary data of said secondary proximate 
minutiae with reference to the respective primary local coordinate 
systems I and 

listing said primary and said secondary data as said 
relation data* 

3, A method as claimed in Claim 1, wherein said pair 
list forming step comprises the steps oft 

forming an additional minutia list which shows said 
transformed position and direction data, the original position 
and direction data given by the other principal coordinate system 
for the minutia of said pair candidates, and the relation data 
of the minutiae of said pair candidates i and 

forming said pair list by referring to said additional 
minutia list, said pair candidate list, and said search and said 
file fingerprint areas, the transformed position and direction 
data given in said additional minutia list being used on evaluating 
said precise local similarity • 

k. A fingerprint matching device for deciding a degree 
of match between a search and a file fingerprint, includingi 

minutia list memory means for memorlBlng a minutia 
list showing those original position and direction data of minutiae 
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(Clala 3 continued) 

« 

5 which are given by principal coordinate systeme preliminarily 

selected on said search and aald file fingerprints » respectively, 
said jninutia list ftorthemore showing those relation data of 
said iQinutiae which are substantially independent of said principal 
coordinate systems? 
10 fingerprint area memoicy means for memorizing a search 

and a file fingerprint area where the minutiae are clears and 
selecting means coupled to said mlnutia list memory 
means for selecting pairs of minutiae from the minutiae of the 
respective fingerprints by comparing the original position and 
15 direction data given for the respective fingerprints and furthermore 
comparing the relation data given for the respective fingerprints; 
wherein the improvement comprises i 

pair candidate list memory means coupled to said selecting 
means for memorising a pair candidate list which shows said pairs 
20 of minutiae as pair candidates, respectively | 

optimum amount deciding means coupled to said mlnutia 
list memory means and said pair candidate list memory meems for 
deciding optimum amounts by referreng to the original position 
and direction data of the minutiae of said pair candidates, said 
25 optimum amounts being for matching said principal coordinate 
systems with each otheri 

coozrdlnate transforming means coupled to said mlnutia 
list memory means » said pair candidate list memory means, and 
said optimum amount deciding means for transforming one of said 
30 principal coordinate systems into a transformed coordinate system 

by said optimum amoiuits, said coordinate transforming means thereby 
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(claim 3 twice continued) 

transforming the original position and direction data given by 
said one principal coordinate system for the minutiae of said 
pair candidates into transformed position and direction data} 
pair list memory means coupled to said mlnutla list 
memory means, said pair candidate list memory means, and said 
fingerprint area memory means for memorizing a pair Ibt showing 
precise pairs of minutiae selected from those minutiae of said 
pair candidates which are present in an area common to said search 
and said file fingerprint areas, the minutiae of each precise 
pair having a precise local similarity between the transformed 
position and direction data and the original position and direction 
data given by the other principal coordinate system and between 
the relation data, said pair list furthermore showing evaluations, 
each evaluation being representative of said local similarity i 
and 

deciding means coupled to said pair list memory means 
for deciding said degree of match by using the minutiae of said 
pair list and by referring to said evaluations, 

S; A fingerprint matching device as claimed in Claim 

said minutia list memory means including first means 
for memorizing a part of said mlnutla list, said part showing 
the orldinal position and direction data given by the respective 
principal coordinate systems and furthermore showing that part 
of said relation data which gives primary data represented by 
primary local coordinate systems selected to have primary local 
origins at the respective minutiae, said primary data being given 
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(ClalB 5 continued) 

0 

to 4hose prlnary proxlnate ninutlae with reference to the respective 
primeLry local coordinate syBteas which are eelected proximate 
to the respective prlnary local origins with reference to the 
respective prloary local coordinate systettsi 

wherein said nlnutla list Meaory scans comprises second 
means for memorizing a remaining part of said mlnutla list, said 
remaining part showing that remaining part of said relation data 
which gives secondary data represented by the respective primary 
coordinate systems, said secondary data being given secondary 
proximate minutiae which are selected proximate to the respective 
primary proximate minutiae with reference to the respective ones 
of secondary local coordinate systems selected to have secondary 
local origins at the respective primary proximate minutiae. 

6, A fingerprint matching device as claimed in Claim 
4, wherein t 

said mlnutla list memory means comprises i 

first mlnutla list memory means for memorising a first 
mlnutla list which shows the original position and direction 
data given by the respective principal coordinate systems and 
the relation data of the respective minutiae i and 

second mlnutla list memory means coupled to said coordinate 
transforming means and said pair candidate list memory means 
for memorizing a second mlnutla list which shows said transformed 
position and direction data, the original position and direction 
data given by the other principal coordinate system for the minutiae 
of said pair candidates, and the relation data for the minutiae 
of said pair candidates! 
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(Claim 6 continued) 

• • 

5-5 said selecting neans being coupled to said first alnutia 

list ffleaory means i 

said selecting neans being coupled to said first ■inutla 
list memory means t 

said optimum amount deciding means being coupled to 
20 said first minutla list memory neans and said pair candidate 
list memory means { 

said coordinate transforming neans being coupled to 
said first minutla list memory means, said pair candidate list 
nenory means, and said optimum amount deciding means | 

^^^^ list memory means being coupled to said second 
nlnutla list memory means, said pair candidate list memory means, 
and said fingerprint area memory means, the transformed position 
and direction data used in giving said precise local similarity 
being those given by said second minutla list memory means. 
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